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SEED AND SEEDLING INFECTION OF BARLEY BY RHYNCHOSPORIUM SECALIS! 
W. r. Skoropad * 


SUMM 


The floral bracts, pericarp, and awns of barley 
seed are readily infected by Rhynchosporium secalis 
(Oud.) Davis, thus becoming sources of primary 
inoculum. Morphological features, including the 
remains of floral parts and barbs on the under- 
surface of the lemma and upper surface of the 
pericarp, are largely responsible for the location of 
scald lesions on the upper portion of the seed. Cool 
temperatures and adequate moisture favor barley 


ARY 


germination as well as the production of conidia 
in the scald lesions. The coleoptile comes in contact 
with the inoculum as it grows past the underside 
of the lemma, The natural opening located near 
the tip of the coleoptile serves to trap the conidia 
and provides moisture for their germination. High 
soil temperatures inhibit the production of conidia 
and speed emergence of the coleoptile, thus pre- 
venting infection during germination of the seed. 





Scald of barley, caused by Rhynchosporium secalis, 
is the major foliage disease of barley in many regions. 
Its importance as a limiting factor in barley produc- 
tion is growing with intensification of barley cropping 
and increasing adoption of shallow cultivation prac- 
tices that leave straw at or near the surface. Like 
most leaf-infecting organisms, R. secalis overwinters 
predominantly as dormant mycelium on barley res- 
idues. However. the readiness with which the disease 


spreads to newly opened barley areas suggests that 


there is some means of long-range dissemination of 
the causal organism. 

The possibility that the scald fungus is seed-borne 
has been investigated, but no general agreement has 
been reached and there has been no formal description 
of this phase of the disease. In 1929 Hauptfleisch (3), 
and more recently Pichler (4). suggested that seed- 
borne inoculum existed, but actual infection sites were 
not observed. Smith (7) referred briefly to seald 
symptoms on barley chaff, and in 1957 Reed (5) veri- 
fied seed-transmission of the scald organism. mainly on 
the basis of field tests. Caldwell (1) reported negative 
results in attempts to demonstrate overwintering of 
scald on seed and dissemination of the organism by 
infested seed. Dillon Weston (2). in 1944, also con- 
cluded that the fungus is not seed-borne. 

The present paper deals with the manner in which 
barley seed and seedlings are infected by the scald 
fungus. It reports the role of morphological features 
of the host. and the effect of environment on the para- 
site and host in initiating infection. 

MATERIALS AND METHODs.—Infection of seed by the 
scald fungus was studied under field and greenhouse 
conditions. Seed infected under natural conditions was 
picked in barley fields with severe incidence of scald 
on the leaves. In the field, seed was infected artificially 
by spraying newly emerged spikes with a water suspen- 
sion of conidia during cool. cloudy days. In the oreen- 
house, infection was good if a cool temperature and a 
high relative humidity were maintained for 2 days 
following inoculation. Selection of scalded seed from 
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samples of threshed barley was facilitated by im- 
mersing the seed in water for 5 minutes, since wetting 
rendered the lesions considerably more conspicuous. 

Infection of seed or seedling parts not showing 
characteristic scald symptoms was verified by floating 
the tissue on water at cool temperatures for 48 hours. 
The scald fungus sporulated abundantly under these 
conditions (6). : 

Resutts.—Seed infection under natural conditions. 

The manner in which conidia of R. secalis are spread 
in the field, and the conditions under which they ger- 
minate, determine to a large extent how barley seed 
is infected. Spore traps set out at various locations in 
or near barley fields showed that conidia were most 
abundant during rain storms. They usually appeared 
in clusters of 3-10, indicating that they were trans- 
ported in droplets of water. This method of dissemina- 
tion favored initiation of infection because a very high 
relative humidity or free water is essential for germina- 
tion of conidia of R. secalis (1). During prolonged 
dry periods the number of conidia on the slides dropped 
sharply. and they usually appeared singly. 

Infection of barley seed by R. secalis occurred most 
commonly at a time when the kernel had filled more 
than half the space enclosed by the floral bracts. It 
took place almost invariably on the inside of the lemma 
immediately below the base of the awn; the few other 
occurrences were on the inside of the palea (Fig. 1-A). 
In 6-10 days after infection. typical scald lesions, with 
a light center and a dark brown margin. appeared on 
the outer surface of the chaff (Fig. 1). The lesion on 
the lemma was frequently divided by the midrib, which 
produced a 2-eved effect (Fig. 1-B). 

The portion of the pericarp in contact with the in- 
fected regions of the lemma or palea was also infected 
but the lesion was less conspicuous than that on the 
floral bracts. The center was similar in color to the 
healthy portion of the pericarp, and the margin delimit- 
ing it was a light rather than a dark brown. In all 
instances mycelium was confined to the surface on 
which infection was initiated. It thus occurred on the 
undersurface of the lemma (Fig. 2) or palea, and on 
the outer surface of the pericarp (Fig. 3), and con- 
sisted of a tightly packed layer of short-celled hyphae. 

Infection of seed occurring during the late-dough 
stage of barley did not always progress sufficiently 
to express scald symptoms on the outer surface of the 
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scald lesions A) on the tip of the palea, and B) on the lemma at the 
1 the undersurface of the lemma. Fig. 3. Conidia and mycelium of 
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Types of emergence of the plumule from under the pericarp and 


A) « reer end prevents contact of coleoptile with inoculum in scald lesion: B) emergen it Op- 


Fig. 1-7. Fig. 
base ot the aw! 
R. secalis on the 
5. An enlarged po 


6. \ scald 


oleoptile, with conidia of R 


lemma 
posite end per cald lesion 








Vol. 49 














October 1959 


lemma or palea. However, mycelium was present on 
the undersurfaces of these floral bracts as well as 
on the outer surface of the pericarp, and served as 
a hidden source of primary inoculum. Seed from 
samples of threshed barley taken at random from 
fields where scald had appeared on the leaves showed 
a disease incidence of 1-10°¢, averaging 2°%. This did 
not include diseased seed on which symptoms were 
inconspicuous. 

In susceptible varieties the awns were also readily 
infected. Conidia infected any portion of the awn, 
but did so most commonly at the base of the barbs. 
The glumes and the rachis were infected only rarely. 
even under ideal artificial conditions. 

Morphological features of the developing seed and 
floral parts were largely responsible for the position 
of the scald lesions. Conidia were transported in tiny 
droplets of water and reached the distal end of the 
seed directly, or more commonly by way of the awns. 
Water droplets bearing the inoculum were trapped by 
the awns, and, after reaching sufficient volume. they 
rolled down between the tips of the slightly parted 
floral bracts. Further progress of the inoculum to 
ward the embryo end of the seed was arrested by the 
cottony remains of the floral parts. the barbs and 
hairs on the inside of the lemma and on the outside 
of the pericarp, and enlarging kernel. An ideal moist 
chamber was established within the floral cavity. and 
conidia germinated readily. The dead anthers. pollen. 
and stylar tissues, besides acting as a sponge to retain 
moisture, also furnished nutritive material for the ini- 
tial development of the scald fungus. which. once 
established as a saprophyte, penetrated the adjacent 
tissues. 

Scald symptoms on the lemma were not observed at 
the embryo end of the seed under natural conditions. 
The barbs, hairs, and floral parts were apparently ef 
fective in arresting the water droplets at the distal 
end of the seed, where infection eventually occurred. 
Reduction of surface tension by adding 1 part of 
0.02% 
drops to get past these barriers. Forty per cent of 
the 100 florets that were inoculated with Aerosol in 


Aerosol to 3 parts water allowed the water 


suspension resulted in infections at the embryo half 
of the seed, whereas no such infections occurred with 
inoculum lacking Aerosol. Thus. the surface tension 
of the water droplets appeared to be at least one im 
portant factor in determining the location of infection 
courts on the seed. 

Most attempts to secure infection of the outer sur 
faces of the lemma or palea failed. Similarly. attempts 
to infect the undersides of these bracts by inoculation 
with viable, dry conidia resulted in very little success 
However, inoculation with dry spores, followed by 
injection of a drop of water, gave good infection of 
the floral parts and the pericarp. 

Seedling infection from infected seed.—Dormant 
mycelium on scald lesions sporulates abundantly with- 
The cole- 
optile comes into contact with this inoculum as it 


Actual 


contact with the fungus is made only when the plumule 


in 48 hours under cool, moist conditions. 


grows under the diseased peri arp and lemma. 


SKOROPAD: INFECTION OF BARLEY 


BY RHYNCHOSPORIUM SECALIS 625 


breaks through the pericarp at the lesioned end of the 
seed. The coleoptile develops a prominent scald lesion 
on its tip 4-6 days after emergence. 

A natural opening in the coleoptile, located below 
its tip and on the side next to the lemma (Fig. 4), 
appears to influence the location of the lesion as well 
as the establishment of favorable moisture conditions 
for infection. This opening serves as a depression in 
which conidia lodge (Fig. 5) and are prevented from 
being brushed off as the coleoptile proceeds through 
the soil. Furthermore, this depression ordinarily 
contains free water of transpiration, thus acting as a 
moist chamber in which both germination of conidia 
and penetration of the host occur. 

Disease development proceeds rapidly in the cole- 
optile, and a scald lesion is produced on its tip (Fig. 
6). Conidia are produced abundantly in the drop of 
water that usually collects at this point. through which 
the first true leaf eventually emerges. The location of 
the scald lesion in this region facilitates the entrance 
of the inoculum into the funnel of the leaf whorl, and 
thus the embryonic tissues of the first true leaf are 
readily infected. In this manner, both the coleoptile 
and the leaf emerging from it become sites from 
which secondary inoculum is disseminated. 

Effect of soil temperature and depth of seeding on 
seedling infection—Since conidia of R. secalis are 
sensitive to heat (1). 
of seeding were considered as factors that may in- 


soil temperatures and the depth 


fluence seedling infection from seed-borne sources of 
the fungus. 

Fifty scald-lesioned seeds of the Moore variety were 
planted in pots of sterile soil at each of the combina- 
tions of 6 soil temperatures and 3 depths listed in 
Table 1. Optimum moisture was maintained in all 
pots. The percentages of infected seedlings emerging 
from such treatments are given in Table 1. 

Depth of seeding appeared to have no bearing on 
per cent of infected seedlings. Although ineffective in 
controlling scald in the greenhouse. depth of seeding 
may have some practical value in the field to the extent 
that temperatures vary with depth. Seedling infection 
was optimum at a soil temperature of 16°, decreased 
sharply at 20°C. and was almost completely absent 
at 22 

Effect of type of seed germination on seedling in- 
fection.—Data presented in Table 1 show that, even 
at optimum temperatures. about 20 of seedlings from 
diseased seed escape infection. \ good portion of 
these escapes may be explained on the basis of the 
manner in which the plumule emerges from the peri- 
carp. The plumule normally develops under the peri- 


Taste 1—Effect of soil temperature and depth of seeding 
on the amount of seedling infection from seed-borne 
sources oft R secalis 


Depth of seeding Per cent of seedlings infected at 


(in.) 10°¢ 14° 16°¢ BC we COC 
0.5 68 64 76 56 24 6 
1.0 54 60 82 72 18 2 
2.0 18 18 86 68 34 6 
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d. Cooler 4 new type of machine for controlling various and sometimes the third, season after a single treat- 
ving dow, ’ soil-borne pathogens delivers about 13 cu. ft. per ment applied to a fairly low eelworm infestation. 


acre of dust containing 5 lb. of Hg equivalent as Control was also good from treatment at half the 





ery vellow oxide of mercury and incorporates it evenly ahove rate. Club-root (Plasmodiophora brassicae ) 
lesi with the top 9 in. of soil. Yields of potatoes on of turnips was reduced about 96%, and yield in- 
— eround infested with root eelworm (Heterodera creased by as much as 9 tons per acre. The seed- 
d seedling rostochiensis) were increased sufficiently for eco- borne pathogen that causes blackleg and those that 
re of well. nomic use. Eelworm populations were reduced an cause diseases of the tuber at lifting time were not 
itial for q average of 79%: consecutive applications would, controlled. On the other hand, Rhizoctonia and 
under certain conditions, permit economic yield Colletotrichum root rots on the growing crop, 
almost equal to that of a healthy crop, and appre- Spongospora tuber scab, and the soil-borne black- 
ciable residual effects were found in the second, leg pathogen were substantially reduced. 
{ new kind of field-scale machine (Fig. 1) for inti- 
mate incorporation of nonvolatile materials with the 
ild of bar. cultivated depth of soil has recently been made? and 
earch 55; described (6). This soil disease-control unit opens a 
back an fresh line of approach in controlling various parasites 
liseases is inhabiting the soil mass, and the present paper de 
Appl. Biol, scribes results when it was used to incorporate 13 cu. 
about 12 bu.) of dust® per acre containing 5 Ib. 


von Saat. 


. of He equivalent as vellow oxide of mercury (YOM). 
ina grami- : 





Pflanzen. These amounts now seem rather high. and it should 
be possible to effect adequate control at about £10 
eiten der $28) per acre, thus providing the least expensive 
LT soil-mass treatment now known. It will be shown that 
d. Tenn, applications were effective in controlling potato root - ’ : 
] Het ] hiensi Woll het Fig. 1. The soil disease-control unit mounted on a trac- 
} ¢t ’ 1 ‘ f re } , we e a = - 
of inocu- eaiiaeaies wesee rent veal tor and in operation, E, exhaust control valve on the trac- 
n secalis bacterial disease, and certain fungal pathogens in the — tor, P, flexible pipe leading the diesel exhaust to pick up 
soil the dust from the hopper (CH). D, dose-regulating mechan- 
in South EOUIPMENT FOR CONTROLLING SOIL PATHOGENS ism. F, booster fan to assist dust delivery and mix it 
p ' Et ee ae eel fs it evenly with the exhaust stream. R, rotavator (under the 
rOoductiol Ills nac if Vas stimulates ) tne re ' 
. : : cover). S, one of two side plates that limit the surface 
sults of numerous pot experiments on controlling ipplications, 
potato root eelworm. These demonstrated with various 
nercury compounds the efficiency of such = small 
amounts as that mentioned above. provided they were the necessary de gree ol intimate mixing by delivering 
nixed verv intimately with the soil. originally by hand dust at 2 levels—the surface and 7 in. deep-——and then 
methods (5 Mercury compounds are already known incorporating with a horizontal rotary cultivator 
is control agents for soil fungi. insects, and nema- rotavator) that works to 9 in. deep. Surface deflec- 
todes. but their eficiencv is low unless intimately tors are arranged to deliver dust evenly at ground 
xed. Johnson (7). for example. obtained only some level immediately in front of the rotavator, so that 
16-36 control of H. rostochiensis from about 200 none has any chance to escape. Applications in depth 
\. of mercuric chloride raked into the soil surface are mechanized by blowing the dust into the spaces 
| e economics of ¢ btaining oreatly enhanced pertorm- behind a series ot duck foot tines (Fig. 2). This ar- 
ance (up to about 94% control of the same disease) rangement gives the requisite distribution within 
from treatment with as little as 5 lb. Hg per acre were +20 of the required dose in all parts of the treated 
tempting. so the purely scientific results of the pot | mass—a specification obtained by simulating good and 
experiments were converted into a practical field-seale bad methods of mixing, using radioactive iodine ([131) 
proposition by work previously described in detail (6) in place of mercury for ease of determining distribu- 
lhe machine. which is a production prototype, achieves — tion (5, 6). 
; - . Mertuops.—The work with H. rostochiensis was 
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he production prototype was made to the desired speci necessarily done in a fenced, hygienically controlled 
6) jointly by Rotarv Hoes. Ltd.. West Horndon. area that. however. had fairly strong gradients of 


Essex and E. Allman & Co., Ltd., Chichester. It was tested fertility and infestation. Particular experiments with 


and modified me 1e Departme of Plant le ' . 
Pat nodified mechanically at the Depa nt of Plant fourfold replications were therefore arranged in 
ithology, Auchincruive, Ayr, Scotland. Lif 7 Lift 

Suitable dusts were compounded by F. W. Berk & Co., 4ifferent parts. hence the different untreated values 
Ltd.. Londor of Tables 1 and 2. The positions of treatments in one 


_~ 


=i 











Fig. 2. M: 
tube deliverit 


de liver yo 


ipplicat 
plication R, 


or 
ion 


veal were 
annual trea 


sessed, thou 


replic ation o1 


ull 3 years | 


Tarte | i 
= i 
| 1956 
195 
L195! 
b, 1958 
) 195! 
( 19 
Addition 
iVo 
(ons ul 
} Ire il 
9. Tre 
10 Tre it 


Ker 





HYTOPATHOLOGY Vol. 49 


lation in untreated areas averaged about 0.2 cysts with 
contents per g of soil in 1956, 0.5 in 1957, and 1.3 in 
1958. thus making it possible to obtain results from 
treatments applied to populations of different levels. 
Applications were all at the rate stated above unless 
otherwise mentioned, and yields were calculated to the 


equiy ilent rate per full acre trom plots 1/170 acre in 


The degree of eelworm intestation on potato roots 
was estimated as the number of cysts per inch of root 
by comparison with “standard length” diagrams (4), 
his is a relative method, but no other gives such a 
direct measure ot the disease-produc ing ability of the 
eelworm population of the soil. Hyphae of Rhizoctonia 
solani Kuehn frequently accompany eelworm. infesta- 
tions. and the amount of infection was measured on 
roots of potato plants taken at random. The roots were 
washed. mounted in water between two microscope 
slides, and examined under a microscope with squared 
eyepiece micrometer. The length of the brown hyphae 
present could then be measured and related to the area 
of the root. a mechanical stage being used to select a 
new sample view for each determination. Infections of 
Colletotrichum atramentarium (Berk. & Br.) Taub. 
were found on potato roots In one experiment, and 
were estimated by a similar method. where, however, 
the number of sclerotia per hand-lens field (1.6 em?) 
was counted (mounts ot cluh-root (Plasmodiophora 
brassicae Woron.) on turnips were assessed by as- 


signi individual plants into one of the 1] disease 


Effects of treatment" 
vield “ decrease 


Increase in eelworm 


Yield (Cysts Yield Cysts attack 


0.08 0.3 O, 74 
8 0.7 6.5 2.0 4 H6* 
1 0.3 5.2 13 8 g4* 
64 0.5 18 | 3 90* 
( 0.2 6 A 32 93*° 
11.2 0.2 led &. te 87 
) 2.5 6.0 25 0 (0) 
10.1] 07 6.3 () 61 78 
9 0.2 18 1 YS 93 
1] 0.2 hi | 147 Qt 
- ) - er 
I U { 2.1 ) oo 
6 yA 0 22 


we caleulated on the original data, before expression 
| Significant at the 5 level, Significant at the 
ttack tre treatment could be estimated only on a crop planted 


relat n to the rest of the table. ind are therefore omitted. 
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TABLE 2. 


Time of 


lifting 

Single treatments 

la. Full rate July 23 

lb. Full rate Aug. 22 

2a. Half rate July 23 

2b. Half rate Aug. 22 
Consecutive treatments 

3 Treated 1957"; Treated 1958 July 23 
Residual effects 

4. Treated 1957°; Untreated 1958 July 23 


IN 


Y 
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9__Control by YOM dust of root eelworm on Epicure potatoes (averages of all experiments, 1958) 


Effects of treatment * 


c 


c yield % decrease 


Treated Untreated increase in eelworm 
ield” Cysts‘ Yield” Cysts attack 
3.8 3.5 3.0 92 25 62* 

7.1 1.3 5.6 8.0 26°° 84* 
4.8 4.3 3.0 9.2 26 53* 
3.7 0.9 6.8 6.0 27 86 
1.4 3.2 3.0 10.3 18 69* 
3.0 7.6 3.0 10.3 2 27 


*Percentage effects of treatment and estimates of significance were calculated on the original data, before expression 


¢ 


is the equivalent in tons per acre and correcting to 1 decimal place. ‘*Significant at the 5% level. **Significant at 


the 1% level. 
*Tons of tubers per acre. ' 
©Number of cysts per inch of root, 


‘Treatment was given to ground planted with Kerr's Pink in 1957, 


categories (0-10) in steps of 10°, of disease. by 
“standard area” diagrams (3). The number of plants 
in each category was then multiplied by the number 
of the category. and the products were added and ex- 
pressed as a percentage of the total number of plants 
multiplied by 10. Similar disease rating methods were 
used lor ( orky scab (Spongospora subterrane a 
(Wallr.) Lagh.) and Rhizoctonia on stored tubers. 

RESULTs. Potato root eelworm. Tables l and 2 
show that. when YOM treatment was applied to 
ground infested with root eelworm, there were in- 
creases in potato yield and decreases in eelworm attack 
in all experiments. on 2 varieties, and over 3 years. In 
spite of the known variability in fertility and infesta- 
tion of the only ground available, there was sufficient 
mathematical significance in the main results (rows 
1-6 of Table 1. and 1 and 2 of Table 2) to warrant 
their acceptance. Row 7 of Table 1 gives results when 
the dust filler without mercury was used for treatment; 
its lack of both increase in yield and decrease in eel- 
worm attack shows that the positive results given in 
the rest of Tables 1 and 2 must be due to the mercury. 
In general. the lower the eelworm population available 
to attack the roots. the greater was the yield increase. 
which is in line with a general interpretation of eel- 
worm population values in relation to control (in 
preparation for publication). None of the populations 
treated was so high that no increase in yield was 
obtained. 

Treatment at half the standard rate of dust and mer- 
cury mentioned above was almost as good as at the 
standard rate (cf the percentage results of rows 5 and 
6. Table 1, and rows 1 and 2, Table 2). 


rate might well be rather high for the most economic 


The standard 


treatment. Treatments in consecutive years demon- 


strate the possibility of obtaining yields at almost the 
“healthy” level (row 10. Table 1). even though the 
results were not from replicated plots. Rows with con- 


secutive treatments did, indeed, stand out, by their 


greater vigor of growth, from rows treated only in the 


current year (Fig. 3). The residual effects of one 


treatment are by no means negligible. being measur- 
able up to the third year after treatment (row 11, 
Table 1). This is not likely to be a residual action of 
the mercury, but arises from reduction of the eelworm 
population to a very low level by the first treatment. 
The higher the population to which the first treatment 
was given, the less the residual effects could be ex- 
pected to be. and some evidence of this is given by 
row 4, Table 2. 

Values for cysts per inch of untreated root are at a 
lower level for the maincrop variety Kerr's Pink 
(Table 1) than for early Epicure (Table 2). This 
is because the maincrop estimations at lifting were of 
a later hatch of yellow eelworm cysts than those on 
the early crop. Sufficient earlier liftings of Kerr's 
Pink were made to show that the populations were 
similar on both varieties during July and August. Cysts 
of the first hatch on Kerr's Pink could. moreover, still 
be seen by detailed examination at lifting in Septem- 
ber. They were, however, very dark in color, and so 
were not easily seen in normal field examination. Per- 
centage diminutions by treatment of the later hatch on 
Kerr's Pink (Table 1) were somewhat greater than 
those of the main hatch on Epicure (Table 2). 

It was noticed that potato root systems were larger 
on treated plants than on untreated ones, thus raising 
the question whether the diminutions shown in Tables 
1 and 2 might not in fact be the distribution of equal 
numbers of cysts over systems of different sizes. Roots 
were therefore carefully dug and infestation measured. 
then washed, surface dried, and weighed. An aliquot 
weighed part was then measured, and an approximate 
length of the whole system calculated by proportion. 
Such a method can only specify the size of a major 
part of the root system, but multiplication of its length 
by the number of cysts per inch (an average value for 
the whole root mass) provides an approximation of 
the number of cysts formed per plant. This number 
was still lower on treated plants: 9000, against 22,500 
untreated, for the main hatch on Epicure: and 1000, 
against 4500 untreated, for the later hatch on Kerr’s 
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Pink. There id therefore been a real reduction of the 
attacking eelwor! ) lation as a result of treatment 

The total vield t ich plot was, In 1957 and 1958. 
passed over secre riddles for separate measure 
ments of the amount f ware (edible standard), seed, 
and chat-sized (s tubers. Screen or riddle sizes 


for ware 


vyare consists 0 


large enough not t 134-in. mesh; seed tubers 
lie betwee the 1-11 nd th - 


if I meses, 


and 


Fig. 3. Albi Thi ws of Kerr’s Pink | toes, 1958 
Table 1). B, treated 1957 1 195% hows greater vigor of 
variety Best of All, from treated, left, and ited plots, rigl 


f all tubers 


4 


crowth 
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chats pass through the 114-in. mesh. Amounts of ware 
and seed therefore add up to more than the total 
yield, but each the effective yield from 
the point of view of the merchant of edible ware and 
respectively. The 


in Table 3, 


represents 


of seed. extensive data on tuber 
which gives the aver. 
ages of all experiments on both varieties in 1957 and 
1958. total yield and 


mathematically 


size are condensed 


Increases in amounts of seed 
and chats are still significant. There 





and C treated in 1958 
(included in row 9, 


(see lable a): 


were only (included in row 4, 


lable 1). Below: Swedes, 
photographed at normal lifting in Novem- 
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TABLE 3 Effects of YOM treatment on potato tuber size 


grand averages of all treated and control plots in 
1957 and 1958) 
uber grades and riddle 
(screen)? sizes 
Seed 
Ware (114- Chats 
(>1% 2! 1 (< ] 4 
Total in.) in.) in.) 
1. Yield (tons/A.) Treated 7.75 3.84 5.69 1.09 
Untreated 1.96 2.29 3.49 0.76 
Increase 279" 155 22" G20" 
) Increase 56 68 63 14 
3 % of total yield Treated 49 73 14 
Untreated _ 16 ‘0 15 
Increase 36 79 12 


*Significant at the 5% level. 


are higher percentage increases of ware and seed than 
of chats over the untreated yield (row 2, Table 3), 
and, to put it another way, the increase also contains 
higher percentages of ware and seed and a lower per- 
centage of chats than did the untreated crop (row 3, 
Table 3). Treatment had therefore enhanced the most 
commercially desirable tuber sizes of the total yield. 
Treatment is expected to cost something like £10 
($28) per acre for materials, and the cost of applica- 
tion is largely offset by savings on costs of normal 
cultivation, since the equipment provides the necessary 
tilth straight from plowed ground. Ordish (8) has 
published results suggesting that a ratio of cost to 
benefit of 1:34 is necessary to tempt farmers to use 
crop protection measures on a medium-value crop like 
potatoes. At the very moderate price of £16 ($44.80) 
per ton for maincrop produce, an increase of about 
214 tons would be required to give this ratio value. 
Such increases, or larger ones. are shown in rows 2, 
5, 6, and lla of Table 1, and, allowing for the in- 


Taste 4.—Effects of YOM treatment on potato diseases 


Dise ases on the growing crop 
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PINK 
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FINAL PERCENT AGE 
re) 
} 


——— ——- | 
° ! 2 3 4 $ 6 
DAYS BETWEEN TREATMENT AND PLANTING 





Fig. 4. The relation between time of treatment and yield 
increase; experiments in 1957, 


creased costs of successive treatments, by rows 9 and 
10 also. Early Epicures generally sell for £40 ($112) 
to £50 ($140) per ton, and something like a %4-ton 
increase would meet the ratio of cost to benefit. Such 
increases are shown by the early liftings la and 2a in 
Table 2, though they would in practice be grown even 
earlier in the year. Later-lifted Epicures in west Scot- 
land are usually for seed, and about a 11-ton increase 
would be necessary (lb and 2b, Table 2) to provide 
the suitable ratio. Treatment is therefore likely to be 
economically tempting to growers. 

\ suitable must separate treatment and 
planting, as was found from results in 1957 (not in- 
cluded in Tables 1 or 2 but shown in Fig. 4). Plant- 
ing 12 hours after treatment was followed by a large 
decrease in yield: planting after 36 hours gave no in- 


interval 


% effects of 


Treated Untreated treatment * 


Rhizoctonia root ret of potato, mm of brown hyphae per cm? root 


Epicure, July 25, 1958 
Kerr’s Pink, pot expt. Aug. I, 1958 
Kerr's Pink, Sep. 6, 1958 


Colletotrichum root rot of potato, sclerotia per em 


Kerr’s Pink, Aug. 1958 


Bacterial black-leg, % of infected plants 
Kerr’s Pink, soil-borne infection, 1958*' 
Epicure, seed-borne infection, 1958' 


Phytophthora-blight-infected tubers, % by weight at lifting 


Late; 125 days, treatment to lifting 
Late: 116 days, treatment to lifting 
Normal; 142 days, treatment to lifting 


Tuber diseases after storing (Jan. 1959) 


Rhizoctonia black scurf, % by area 
Fusarium dry rot. % of infected tubers 
Spongospora scab, % by area 


1.4 3.2 -55 
0.9 3.5 -73 
0.2 1.9 ~91 
19 34.7 -43 
0.2 1.2 -83 
6.9 6.8 0 
4.3 6.0 -28 
6.4 8.1 -21 
6.1 5.5 +10 
0.2 0.2 -14 
1.7 2.0 -15 
0.1 1.4 ~—92 


* The se were calculated on the original data; results in the other columns are corrected to 1 decimal place. 


See text. 
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6 
rease go I itment Do the results allow is to go turther and form an 
- early phyto idea as to how long the mercury treatment is active? 
send , jue to yellow oxide of \ working hypothesis has indeed emerged—that the 
met tal form is effects of treatment persist well into the cycle of 
. Boo who also ex growth, but that the effect is almost exhausted by 
lained ind I con the time the normal growth of potato and turnip Is 
Hing Result fables 1 over. In fact, it appears that the effectiveness of treat. 
and 2 are give e than 6 days ment increases until about the end of August. Per. 
efore 1 entage decreases in eelworm attack were quite 
Or) | ¢ s from modest, 53-62, for July liftings of Epicure (rows la 
YOM They ar ind 2a, Table 2); they increased to 84-86% for 
mae ' s of sig \ugust liftings (rows lb and 2b. Table 2). and were 
4 , entage of highest of all, 87-94¢,, for September-lifted Kerr's 
seas ed These are Pink (rows 3-6. Table 1). The percentage control of 
Rhizoct ( ttato roots Rhizoctonia root rot of potato also increased between 
vhi \ \ , soll July 25 and September 6 (Table 4 
re j in \ rhe lack of effect at the end of growth is suggested 
Hall ley lisea en tuber by the slight control of tuber diseases at lifting or 
rne - Lhe rtual ab ifter storage (Table 4 Indeed. the only disease on 
g K Pink Table the tubers found to be controlled by a significant 
1 : ‘ land imount was Spongospora scab. infection by which 
en t { begins to appear at an early stage of tuber formation. 
00 el when it would be under the influence of the mercury 
) j I > wil treatment. Rhizoctonia was diminished by a consider. 
‘ The rela ble amount on the growing roots. but only to a negli. 
Table zible amount on the tubers. Fusarium dry rot infec. 
{ m appears at lifting time and was not significantly 
( lisease liminished by treatment. Phytophthora blight appears 
l a mn the tubers only toward the end of growth: it was 
: } 1 bras tt controlled on a normal crop (there was actually a 
ty Best of All slight increase of 10 but on 2 late treated crops in 
-wece Q57 ind 1958 there were slight decreases in the 
te imounts of tuber blight. It is probable that gangrene. 
B ; ised by Phoma foveata Foister. is also in the same 
dy category, but more work is necessary. There are. then, 
. \ idy several results in favor of the working hy- 
, ‘ : \ ‘ eases thesis. to be checked by further work 
B est t has been shown that the new soil disease-control 
can bring efficient economic disease control in the 
4 1 d. using mercury cust at a rate lower than that of 
less efhcient partial treatments already in horti- 
Drs iltural use. There are, however, numerous other ma- 
t yus terials that might control disease more efficiently if 
we] they were intimately incorporated, and there are other 
| es ¢ 
Untreated Effect of treatment 
Clul Yield Club vield © decrease 
\ t ease n club-root 
\ 
f 4 $1.5 6 98 
( 1? ¢ 16.9 61* QR * 
1.0 7.3 17.8 +] 95 
0.2 17.8 11.8 50* * 98* 
W ilhe % ) 05 133 110 10 96 * * 
Percent t and est te t signihcance were calculated on the original data. before expression 
is the ¢ | decimal pla *Significant at the 5% level. **Significant at the 
l leve 
Tons of 
Perce 
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«oil-borne diseases for which an economic control is 
urgently needed. 
DEPARTMENT OF PLANT PATHOLOGY 
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THE RELATION OF ENVIRONMENT TO THE RINGSPOT (MYCOSPHAERELLA 
BRASSICICOLA) DISEASE OF CRUCIFERS ! 


Merritt R. Nelson and Glenn S. Pound * 


SUMMARY 


Using both mycelial and ascosporic inocula of 
Vycosphaerella brassicicola, relatively low tem- 
perature and high humidity were required for in 
fection and sporulation on cabbage. Infection o 
urred over the range 12—28°C, but levels of infec 
tion were much lower at 12° and 24° than at 16 
and 20°. and only a trace or curred at 28 Lesions 
eveloped most rapidly at 20° but the greatest 
imber were produced at 16 Infection did not 
weur unless inoculated plants were kept in 
saturated or near-saturated atmosphere for about a 
Perithecia bearing ascospores were produced 


VeCCK 


nsistently in a temperature range of 8—20°. Fruit 
bodies were also produced at 4°, 24°, and 28 
it these did not produce mature spores. The 


ptimum temperature for ascospore formation was 
| | 
16-20°. Spores matured slightly earlier at 20° than 


at 16°, but the ultimate production was apparently 
equal at both temperatures. Moisture also was re- 
quired for sporulation. Mature perithecia did not 
develop on lesions until they were exposed to a 


saturated or near-saturated atmosphere for at least 
1 days. If exposed for shorter periods, spores did 
not mature. Thus, these studies explain the re 
striction of the disease to certain coastal areas 
where low temperatures and long periods of high 
humidity prevail. M. brassicicola was found to 
grow best on cultural media at 20°, decreasing in 
order at 16°, 24°, 12°, 28°, 8°, and 4°. Growth was 
best on plant-extract media, No appreciable growth 
occurred on a completely synthetic medium unless 
thiamin was added, in which case growth was as 


good as on any medium. 





ngspot disease of crucifers aused by Myco 
sphaerella brassicicola (Fr.) Lindau, is limited strict- 
ly to certain coastal areas of the world and in these 
ireas it may be very destructive (7). It has been 
onsidered to occur only under certain conditions of 


atmospheric moisture and temperature, but the specif 
limits of these conditions have never been worked out 
This paper presents detailed information on_ the 
specihc environmental factors important in initiation 
ind development of the disease. Data are presented 
show temperature and moisture requirements for 
th intection and inoculum development. 
Environmental requirements most likely play the 
principal role in restricting the disease, but other fa 
tors may also be of significance. Several workers have 
suggested that ringspot is seedborne (6, 10. 12). 
Others point out that not only is evidence supporting 
this inadequate, but evidence to the contrary is avail 
ible (8 If ringspot is effectively seedborne, then 


Accepted for publication April 14, 1959, 
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University of Arizona. Yuma. 


restriction by environment must be very important. 
On the other hand, if the disease is not transmitted by 
seed, this fact would also restrict the spread of the 
disease. Thus it is possible that lack of effective seed 
transmission and strict requirements for environmental 
factors both function in limiting this disease to definite 
areas. 

MATERIALS AND METHODS. 
late of M. brassicicola obtained from naturally infected 
cabbage provided by Dr. R. D. Raabe, of the Univer- 


sity of California, was used in all experiments. The 


\ single ascospore iso- 


cabbage variety Jersey Queen was used exclusively for 
greenhouse infection studies. In any one experiment, 
all plants were the same age and had been grown 
under the same conditions. 

Temperature studies were carried out in greenhouses 
with controlled temperatures of 12, 16, 20, 24, and 
28°C.2 In each house there was an inoculation cham- 
ber at the same temperature, so that plants were at a 
constant temperature throughout an experiment. 

Plants infected in the greenhouse and containing 


All temperature vaiues used are in degrees centigrade 


unless otherwise stated 


«= “me 


eee a. 


~cetlest 





634 PHYTO! 
relative i studying perithe 
cial deve ms, previous to exposure 
to a satur ywed no fruit body devel- 
opment ised to study the effect of 
temperat | formation and ascospore 
maturat were left intact on the 
plants, wi I ferred trom an open green- 
house bench | lat chambers that were in 
the variou re houses. After 7 days’ exposure 
to a saturate it the various temperatures, 
the plar ts vere ved tO open greenhouse 
benches peratur Beginning at 6 
days alter moisture pieces ol lesions 
were removed da he plants and inverted over 
a Petri pl t igar. When ascospores 
matured discharged and could be 
easily set i suriace with a microscope 
Examinatio1 ide crush lesion pieces 
that had perithe | this way the de velopment ot 
immature erved. In the second meth 
od, excised plants not exposed to mois 


ture were erte 
on a wate 
Daily inst 
lesion reve 
charged hy 
maturatior . 4 Lifts 
incubator ed 
vided temperat f 4 
Refrigerat 
which the 
the effect 
ments for 
lated plant 
periods, 1 
and 


dry 

inoculation 

for specifhed perio | 
lished 
with a soft 
vals after 


, 
DY W 


Studies o 
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perithes ial 
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chee ked IO! 
already desc 
was controlled 
glycerol solutio1 
Mueller (2 I 
tilled water w 
parts glycer 

RH, 19.5 parts 
were used 

placed on circular 

in the humidity 

lesion as near th 
cubated at 20 FU.1"( 


for these ly 


given 


re t 


ent temperat 


RH 
RH 
ol. Thin Petri plates 


chambers Che 


Petri plate by placing them 
the lid of the dish. 
beneath the 
dis 


ast Ospore 


ick to 
irea directly 
rst 


ascos] 


pores were 


req lired lor 
ires Laboratory 
rk with excised lesions, 
4 

ers were 


to! 
Moisture require- 


pro- 
and 28 
' 
used in 


studies on 
ntection 


determined by leaving inocu 


ited atmosphere for various 
ct of daily alternation of wet 
nts were removed from the 
l ke pt on a gree nhouse ben h 
me of penetration was estab 
ted leaves free of inoculum 
lled water at various inter- 
ents tor att ospheric mols- 
ition and ascospore matura- 
ith greenhouse and labora- 
the time required to initiate 
ler moist conditions was de 
with lesions in a saturated 
per d Lesions were 


d ascospore development as 
humidity 
I the 
Cruickshank and 
(relative 


98 RH, 


l 
laboratory, relative 


bv ise. of 


champers 
bed by 


humidity), dis- 


; 1 solution of 8.5 


16.5 parts; and for 95 


(9 cm) 


lesions were 


ps mounted on glass rings 


rs, with the surface of the 
é dish as possible, and in- 
Although the RH values 
olutions were at 25°, any 
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error encountered because of the temperature differes 
tial was felt to be insignificant, since under the cond 
tions of the experiments, there should have been litt, 
difference between the RH values at 20° and 25°, 

Studies on the effect of temperature on growth @ 
PDA 
tures were carried out in laboratory incubators wit 
in the range 4-32°. Th 
carbohydrate levels tested 0.0, 0.5, 1.0, 1.5, 26 
2.5, and 3.0%. requirements were de 
termined with techniques established by Beadle apj 
(1). In growth factor work all test tubes ang 
equipment were acid washed. Bacto-agar and reagent 


WV. brassicicola in ( potato-dextrose agar) cyl 
temperatures at intervals of 4 
were 
Growth factor 


Tatum 


grade dextrose and chemicals were used. 


TECHNIQUE FOR PRODUCING INFECTION.—To obtaig 


specific information on environmental requirements by 
studies, 


greenhouse it was essential to develop an 


inoculation technique that gives adequate and cop 


sistent infection. Since M. brassicicola does not fruit 
readily or abundantly on artificial substrate, and sinee 
there was not a ready source of ascospores from na 
ture, the inoculation technique must employ mycelium 


This fungus grows extremely slowly. A colony origi 
a diameter of 2 


mm only after 7 weeks at optimum temperature, and 


nating from a single spore reaches 
on a suitable medium. It was, therefore, necessary tt 
find 
relatively short periods. 
cultural 


a way of producing quantities of mycelium in 


produce 
was the intro. 
duction of quantities of mycelium to start the culture 


found to 
The most important factor 


Several methods were 


mycelium. 


Several ml of a mycelial suspension of a pure culture 
conditions, into the medi: 
um used for shake cultures, and over the surface of 
The liquid cultures, 
shaker, contained good sized mycelial balls. 


were poured, under asepti 


agar slants. after 3 weeks on a 
Petri-plate cultures were established in 2 ways: 1 
by pouring the mycelial suspension into the molten 


agar before the plates were poured, in this way im 


pregnating the entire medium with mycelium; and 
2) by pouring the mycelial suspension onto the agar 
and spreading it evenly over the surface. Develop. 


but not as 
abundant or as quickly developed as on large-volume 
bottles, each con- 
were used to make 


ment of mycelium was fair in each case, 


slants. Six-ounce pharmaceutical 
taining 45 ml PDA (1% dextrose), 
When these 


Petri plates and low-volume slants. the fungus not only 


slants. grown on slants. in contrast to 


srew faster and to a greater diameter. but grew deeply 


into the agar as well. On low-volume slants or plates 


it grew for a time and then slowed. in cases 


some 
nutrient or essential growth 
hee ause of the 


definitely stopping. Some 


factor was apparently being used up 


number of growth centers 


large 


In all cases the mycelium was harvested after 2-4 


weeks of growth and homogenized with water in a 
Waring Blendor. Mycelial balls from shake cultures 
were first washed free of the culture medium in which 


they were grown. Mycelium from agar-slant cultures 


was at first merely scraped from the surface of the 


cultures, but it later found that grinding up 4 


third of 


was 


an inch of the top of the culture with water 





® 





O 








(Vol. 4 


differes, 
he cond). 
een. littl 
25°. 

rowth of 
ar) cyl 
ors with 
52°. The 
1.5, 20 
were de 
dle and 
bes and 
reagent 


) obtaig 
1ents by 
lop a 
nd con 
ot fruit 
id since 
"Om na 
celium 
VY origi 
r of % 
re, and 
sary ti 
ium in 


roduce 
> Intro. 
‘ulture 
culture 
 medi- 
ace ol 
3 on a 


vs: ] 
molten 
ay im- 

and 
agar 
velop. 
10t as 
olume 

con- 
make 
ist to 
t only 
leeph 
plates 
cases 
rowth 


f the 


2+4 
in @ 
cures 
vhich 
tures 
| the 
up a 
vater 


» 


October 1959 


% . 


. 
* 


; 


oi “Lat . 
a er 





sions produced on cabbage leat with mycelial 


and using it as inoculum greatly increased the amount 
infection. This increased infection could have been 
e to the fact that the agar provided a sticker to keep 
the slow-growing fungus longer in contact with the 
eaf or that some enzyme or toxic substance produced 
by the fungus and held in the agar enhanced penetra 
tion. In liquid cultures such a substance could have 
been lost by washing. 
Weimer (12) 
veelium. had little success. In the present study. 


attempting to infect plants with 


various methods were used in holding the inoculum in 


contact with the leaf. Little success resulted from 


erely placing pieces of mycelium from agar cultures 
the leaf surface or using leaf-sized squares ol 
eesecloth that were soaked in a mycelial suspension 


1d placed on the infection court Injuries and abra 


sives were 


ilso used in attempts to increase infection 


Adding sovl eal 


it these. too. were without success 


extract or sucrose to the mycelial suspension failed to 
ld to either the rate or the amount of Infection 
It s ecame evident that inoculum grown on 
Hd . is superior to liquid-grown inoculun 
Wher £ was ground up with thie mycelium is al 
described, and used as levels of 1 
t re consistently high (Fig These results 
st obtained with cheesecltot squares. but wher 
- ere ttempted without them. results we 
Acknowledgment is made to Dr. J. C. Horton for mak 
£ available tl results ¢ nen experiments pet 
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Taste 1—-Number of lesions on 4 leaves 30 days ajter 
Vycosphaerella brassicicola inoculum applied to up- 
per and lower leaf surtaces 


Upper surface Lower surface Both 

only only surfaces 
Plant | 21 155 216 
Plant 2 32 207 270 
Plant 3 3] 94 213 


For example, in one experiment the respec- 


similar. 
23, 27. and 31 days 


tive lesion totals on 16 leaves at 23, 27, 
after inoculation were 32, 150, and 200 with cheese- 
cloth, and 36, 142, and 202 without. This agar-my- 
celial inoculum is a viscous liquid, and when applied 
to leaves. it forms a thin film over the leaf surface, 
even when dry. The fungus is thus kept in intimate 
contact with the leaf surface for long periods. 

When leaves were inoculated on one surtace only, 
those inoculated on the underside had 3-6 times as 
manv lesions as these inoculated only on the upper 
surface. Leaves inoculated on both surfaces generally 
showed more infection than leaves with either surface 


inoculated singly (Table 1). Since the numbers of 


‘ 





{ 


Fig. _. Symptoms produced on ¢ ibbage seed pods and 


stalks with mycelial inoculum. 
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TABLE L UV plants will 
oun agar 
( ( ( s ler 
Days 
inoculat d 24 25 
f } } it 
1) 
24 OK x 1] 
8 } 
stomata ! wel eal irtaces do not 
differ gre i the main reason tor 
this large diffe f t likely due to the washing 
effect ot wate ( ry the Lp) pe leat surtaces 
during the per the moist chambers 
Several cr fe essfully infected with the 
inoculation Dhese cluded cab 
hage ro ve (_hinese ibbage and 
cabbage et | Lhe eave of many crucifers 
have a ents v g the suriace 
Such wax d ( ion by 
rubbir ( et cheese 
cloth 
Cabba 1 in the 
greenhouse oculat technique 
In extreme f f I ecame al st completely 
covered wit eed stal ilso developed 
heavy te { in seed 
stalk we vy le I g. 2 
EFFECT O oO JITIATION AND DEVEI 
OPMENT © \ | rg rature on in 
fectior le or lay after the 
plants wer ( mntrolled-temperature 
greenhouse ‘ noculation 
chamber tl ( ed to pen green 


house ber 


both tl ons af 
peared me differ 
t es ea e difter 
ent tempe ent Ww createst 
it 16° and - ppeared ¢ f 1 ae 
veloped I ( = ere 
isually I m was 
much lo 1 ew lesions 
formed at \ é ns tale to enlarge 
and did not tit rd esion en 
largement er tel 
peratures t 28 at iz and o 
casionally at le we found around 
the lesior () wa mnducted with 
though the in ‘ mw. t te erature re 
sponse was 

Alternatir I experiment were con 


ducted by | ! < : % int | 28 ten 


perature h¢ X] re f 4. 8. and 16 


hours (the plat wise at 16 The appear 
ance of sympto1 y slightly retarded when 
plants were ex] ed for only 4 | rs per day 
Exposures of 8 I 1 16 hours at 2 however, 


| ABLE 3. Number ot esions on © leaves < plants of 
leaves each) of cabbage inoculated with ascospore 
and incubated at various te mperatures [or varioy 


pe riods 


Davs after 


inoculation 16 20 24 28 
16 9 1] 0 0 
20 23 | } 0 
24 19 17 8 0 
28 4 19 14 () 


markedly reduced the amount of infection (Table 4 

Effect of temperature on perithecial produc tion and 
ascospore maturation, After one week in the green. 
house inoculation chamber, a majority of the fruiting 
bodies at 12°, 16°, and 20° had reached a size withi 
the range for mature perithecia. At 24° the largey 
bodies fell somewhat short of being full size. and those 


at 28° were consi lerably smaller The Iruiting bodies 


ormed at 28° remained more or less spherical—rather 


than pyriform, as do mature perithecia—and had a 
ragged surface. At 12°. 16°, and 20°. perithecial de. 
velopment proceeded normally. Ascospores were first 
formed at 20°. At this temperature. immature ase 
ippeared in 5 days after exposure to moisture, and 
iscospores were found 7 days after exposure to mois 
ture. although this time varied somewhat with lesions 
of different ages. Ascospores at 16° and 12° generally 
ippeared 1 day later and 3 days later. respectively, 


found ol materia 


han at 20 No spores were 
24 but immature asci were occasionally found. Noth 
ing resembling asci or ascospores was ever found at 


Studies with excised leaf lesions revealed tha per 


thecia and ascospores were formed at relatively low 
temperatures. Spores were first fo nd at 20° on the 
iter agar plates after 7 days. Spores were usually 
und at 16° at the same time. but where large nun 
hers were found at 20 it this time « vy a tew were 


uund at 16°. At 12 2-3 weeks were required for 
mature ascospore discharge Ac were found 


rushed material from 8° after 3 weeks. but spores 


did not appear until almost 4 weeks after initial ex 


posure to moisture No spores were found at »4 or 


Efiect of atmospheric moisture on intectior It was 


early observed that periods of several days in inocula- 
tion chambers were required for ectior It was 


thought that the pathogen may require relatively long 


periods of contact with the host before penetration 
, 
could occur If this were true. moisture would be 
ecessary to sustain the fungus until 5 2 1 ecome 
| gE 4 Vum be 5 5 6 leaves (4 1 /eaves 
wh ’ bated at 286 reriods 
Daves I 
ilation O hours } urs irs f rs 24 hours 
2] 320 217 8 ) 0) 
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Time required in saturated atmosphere for in 


TaBLe 5 
by V v¢ osphaerella brassi« i¢ ola fo occur 


fection 


Average number lesions on leaves of 
plants removed from moist chambet 


Treatment after stated number of days 


5 + ) 6 8 
Washed leaves ] = l 6.3 12 - 24 
l eae leaves 0 Be 9.7 13 11.5 2) 


‘Notes were taken 22 days after inoculation, 
Inoculum removed from leaves by rubbing; plants left 


in moist chamber 7 days. / 
© Plants with these leaves unwashed were removed from 


moist chamber at the time indicated. 


established within the suscept. To test this hypothesis, 
inoculated leaves were washed at various intervals 
after inoculation so as to remove inoculum. Moisture 
requirements were correlated with time of penetration 
by removing plants with unwashed leaves from the 
inoculation chambers at the same time that leaves on 
other plants were washed free of inoculum. The re- 
cults indicated that penetration was slow, taking up to 
a week to be extensive. Moisture experiments corre- 
lated very well. indicating that the infection process is 
very slow i Table 34 

The time required for penetration, as determined by 
lesion development. was affected by the time of year 
In winter experiments, leaves washed free of inoculum 
before 7-8 days showed no significant infection, where 
as in the spring. penetration occurred about 5 days 
after inoculation. 

Although long periods were required in the inocula- 
tion chamber for infection to occur, it was shown by 
alternating wet and dry conditions daily that the mois 
ture need not be continuous. When inoculated plants 
were removed from the inoculation chambers for 
periods of 4. 8. or 16 hours daily, infection was ob- 
tained in all cases. although the rate and amount de 
creased as the dry period increased (Table 6) 

The significance of these experiments is difficult to 
evaluate The inoculum used, which forms an aga! 
film on the leaf. may hold enough moisture so that a 
drying period does not actually dry out the imbedded 
mycelium as fast as it would seem. Since this experi- 
ment was not done with spores, the effect of drying 
under conditions in the field could not be determined. 

Effect of atmospheric moisture on perithecial for 
mation «nd ascospore maturation._Ringspot lesions 
do not form fruiting bodies on leaves that have not 
been exposed to moisture conditions near saturation 
After 24 hours in an inoculation chamber at 20°. how 
ever, small black spherical bodies can be observed 
(Fig. 3-C). If the plant is removed at this time, no ma 
ture bodies of any kind are developed. If the plants are 
allowed to remain in a saturated atmosphere, con- 
stantly or intermittently. for 4-6 days, mature  peri- 


thecia will be formed. The first asc} and ascospores 


are found at 7 days or longer after first exposure to 
moisture, depending on the temperature. Plants re- 
moved from moist chambers in less than 4 days usual- 
ly do not form mature perithecia. The reason for the 


moisture requirement seems clear. Fruiting structures 


are formed on the lesions, which are necrotic tissue: 
hence, without moisture from a source other than the 
plant itself, fruiting does not occur. Areas near the 
edge of lesions and near large leaf veins are frequently 
observed to support earlier and more rapid perithecial 
development. The plant may thus be able to supply 
some moisture to places such as these, but. on the 
whole, an atmospheric source of moisture seems essen- 
tial. 

The relative humidities at which ascospore forma- 
tion occurs were determined by the use of Petri-plate 
humidity chambers. Spherical black bodies were 
formed in 1-2 days at 100% RH, 3—4 days at 98% 
RH, and 6-7 days at 96% RH. When examined at 3 
weeks, ascospores were found at 100 and 98°72 RH. but 
not at lower humidities. Large numbers were formed 
at 100° RH, but relatively few at 98% RH. 

IN VITRO STUDIES OF M, BRASSICICOLA.—Effect of tem- 
perature on growth.—All cultures were started from 
single spores derived from a single-ascospore isolate. 
Growth was maximum at 20°, and decreased at other 
temperatures, in the following order: 16°, 24°, 12°, 
28°, 8°, and 4°. Growth was very slow at 4°, taking 
6 months for a colony to reach 25 mm in diameter. At 
the other temperatures, however, growth was relatively 
rapid. A colony reached a diameter of 30 mm in 10 
weeks at the optimum temperature (20°). No growth 
occurred at 32°, and several days of exposure to this 
temperature resulted in the death of the fungus. 

{ttempts to stimulate fruiting in culture.—Snyde1 
(9) was able to produce both perithecia and the 
spermatialike bodies of M. brassicicola on corn-meal 
agar in culture. In the present study. many kinds of 
media were tested to see if any would stimulate fruit- 
ing. These included common vegetable extract agar 
media such as corn meal, oatmeal. cabbage-leaf ex- 
tracts, pea, potato dextrose, soybean meal. and malt. 
as well as natural media consisting of plant parts 
sterilized with propylene oxide (11). Plants used to 
prepare natural media included cabbage leaves and 
stems, pea stems, wheat straw, barley straw. Brussels 
sprouts stems, sweet pea stems, and cauliflower stems. 
Cultures were maintained up to 12 months in ineuba- 
tors at various temperatures, and under conditions of 
natural light and temperature. Cultures on window 
sills in the winter were exposed to temperatures be- 
tween 10° at night and 24° in the daytime. Light is 
ipparently not required for fruiting. since perithecia 
formed abundantly on lesions in dark incubators. Old 


Pante 6.—Vumber of lesions on 15 leaves » plants of 3 
‘ 


leaves ea A) ré moved from dry conditions fo moist 
chamber for various hours each day" 


Davs after 


inoculation 24 hours 20 hours 16 hours 8 hours 0 hours 
17 135 62 20 j 0 
2] 755 169 72 $6 0 
28 2271 1742 1064 287 0) 


Constant temperature at 20°C, in both moist and dry 
environments, 

Lesions were unusually numerous in this experiment, 
conditions for infection apparently being ideal. 
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celium often forms on the surface of the colony, where 
as this characteristic is much less common on less rich 
media. To determine the effect of carbohydrate eye, 
on the cultural characters, potato agar was used with 
dextrose added in the following amounts: 0.0, 0.5. 10, 
Lo, 2a wos 3.0°°. Differences in 


crowth 


and amount of 


were not great at these different levels of 


medium 
isture @ 


produced o1 
pheric 
plant Kept 

min ett), and 
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carbohydrate, but slight increases in growth and in the 
white mycelial character occurred with increase in the 
level of carbohydrate (Fig. 3-B). This growth char- 
acter may be controlled to a certain extent by adjust- 
the level of sugar in the medium. The explanation 


of these white cultures is not that 


ing 
for the occurrence 
simple, however. When a large number of single-spore 
cultures were made with ascospores from greenhouse 
material, not only did this white culture show up 
regularly, but all gradations were found between it 
and the all-black culture type. The cultures that were 
completely white grew faster than the more common 
black cultures (Fig. 3-A). This white character would 
also appear after several mycelial transfers. No change 
in pathogenicity could be demonstrated when this oc- 
curred. The white mycelium is strictly limited to the 
surface of the colony. with the characteristic black 
mycelium always found underneath. 

Extent and type of growth on various media.—M. 
hrassicicola grew well on a number of different media, 
hut best on media made from plant extracts. Linear 
vrowth was best on corn-meal agar and on agar made 
from a hot-water extract of fresh cabbage leaves. 
Growth on these media was quite filamentous, while 
most richer media supported a more compact, sclero- 
tial-like growth. On a weight basis, most growth oc- 
curred on the richer media, such as potato-dextrose, 
sovbean. and oatmeal agars. On a basal-salts medium, 
growth was filamentous, but stopped in a relatively 
short time. The colony formed was not the deep black 
isually formed in culture, but a lighter brown. While 
the margin of a colony on adequate media was smooth. 
the margin of these colonies was very irregular. When 
very minute amounts of yeast extract were added to 
hasal salts media, growth was greatly stimulated. The 
stimulation from such a small amount of material 
strongly suggested that a growth factor may be re- 
quired by M. brassicicola. 

Growth factor requirements.—Media were prepared 
with a “shotgun” mixture of vitamins, casein hy- 
drolysate. and purines and pyrimidines. When these 
media were inoculated with single spores, growth was 
normal only on the one having the shotgun vitamin 
mixture. Next, thiamin, riboflavin, pyridoxine, cal- 
cium pantothenate, p-amino-benzoic acid, choline, i- 
inositol, biotin, and nicotinic acid were put into media 
individually to see which vitamin was required. The 
fungus grew well only on the medium containing 
thiamin (Fig. 3-D). It is thus interpreted that M. 
brassicicola has a naturally occurring requirement for 
thiamin. 

Weimer (12) noted that on synthetic media a 
feathery type of growth occurred. He also noted that 
a certain proportion of ringspot lesions on infected 
plants had the same irregular shape as cultures on 
synthetic media and were much smaller than the nor- 
mal lesions. In the present study it was observed that 
when a relatively small number of lesions form on a 
leaf they develop normally to the maximum size. If a 
large number of lesions form, however. very few ever 
develop to any extent and the majority have decidedly 
irregular margins. Thus it would seem that lack of 
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lesion enlargement and the reason for the irregularly 
shaped lesions are due to an inadequate supply of the 
vitamin in the leaf of the suscept. No fruiting bodies 
of any kind form on such lesions even when placed 
under conditions of heavy moisture. 

Discussion.—Data obtained in greenhouse studies 
show clearly that the most favorable temperature for 
disease initiation and development is 16—-20°. This 
range is also optimum for ascospore production and 
maturation. 

Alternating temperature experiments revealed that 
plants inoculated and placed at 28° for as long as 16 
hours per day (otherwise at 16°) showed significant 
infection whereas plants continuously at 28° showed 
very little infection. Thus it seems possible that in- 
fection could occur under fairly warm conditions pro- 
viding the nights were cool. If the disease is seed- 
borne, lesions could develop in inland areas. The 
and 28°, how- 
ever, would not permit perpetuation of the disease. 


failure to get spore production at 24 


Atmospheric moisture is also essential for infection 
and ascospore production by M. brassicic ola. Without 
moisture for 5-7 days after inoculation plants did not 
form lesions. This moisture need not be continuous. 
Plants in inoculation chambers only one third of each 
day were infected, although much less than plants 
continuously in a saturated atmosphere. 

These studies explain the marked restriction of en- 
vironment on ringspot distribution. In the Puget 
Sound area, the coastal area of Oregon, and the San 
Francisco Bay area, where the disease occurs, tem- 
Night temperatures 
during the growing season range from 45-60°F. Day 
temperatures occasionally reach 75-—80°, but often 
range in the 60’s to 70’s. The monthly mean tempera- 
tures (°F) based on records from the 30-year period 
1921-50 at Seattle. Portland and San Francisco are as 


follows: 


peratures are persistently low. 


Seattle Portland San Francisco 
January 1] 39 50 
February 13 14 53 
March 17 18 55 
April 52 54 56 
May 57 59 57 
June 62 64 59 
July 66 68 59 
August 65 68 59 
September 61 64 62 
October 54 56 61 
November 17 17 57 
December 13 42 52 


Coupled with the persistently moderate temperature 
is abundant moisture. The immediate coastal areas 
are often enshrouded with fog and plants are in a 
very moist atmosphere for considerable periods. Thus 
the temperature and moist conditions are ideal both 
for infection and inoculum build-up. As one moves 
inland to a point where this combination of tempera- 
ture and moisture does not prevail, one ceases to en- 
counter the disease. 

Field material obtained through the courtesy of 
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however, where only perithecia were formed, it would 


appeal that some modification of Snvder’s SUg gestion 


must be made. It may very well be that in natupe 


these small bodies function as spermatia. but becayse 
of the ease with which perithecia are formed in the 
without the 


that 


vreenhouse presence ot spermogonia, tt 


would appear another mechanism, at least as 


eficient as the sexual 


Histological 


terial are now in progress and may reveal the answer 


process described by Higgins 
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THE INFLUENCE OF 


TEMPERATURE ON ROOT ROTS OF POINSETTIA 


CAUSED BY THIELAVIOPSIS BASICOLA, RHIZOCTONIA SOLANI, AND 
PYTHIUM ULTIMUM! 


). F. Bateman and 


A. W. Dimock 2 


SUMMARY 


[he root rots of poinsettia caused by Thielaviop 
sis basicola, Rhizoctonia solani, and Pythium ulti- 
mum, show 3 different types of temperature re 
sponse. The optimum temperature for growth of 
T. basicola on potato-dextrose agar was 24°C when 
hased on increase in colony diameter and 21°¢ 
when based on increase in dry weight. For R 
solani and P. ultimum, the respective optima were 
0° and 27°C. regardless of the basis of determina- 
tion. With all 3 fungi. the optimum temperature 
range was much greater when growth was deter- 
mined by increase in colony diameter than when 
determined by increase in dry weight: this was 
particularly true for Rhizoctonia and Pythium, 
which show rapid hyphal elongation at tempera- 
tures considerably below optimum. 


Root deve lopment of healthy pomnsettias was most 


prolific at soil temperatures near 26°C. No growth 
occurred at 13°, and growth was considerably re- 
duced at soil temperatures as high as 30 

The effect of soil temperature on development of 
each of the 3 poinsettia root rots was studied with 
the aid of thermostatically controlled temperature 
tanks. Thielaviopsis root rot developed best at 17°C 
but was severe from 13° through 26°. At 30°, the 
highest temperature employed, little more than a 
trace of root rot developed. Pythium root rot also 
developed best at 17° but caused no serious dam- 
age at 26° or above. Rhizoctonia, which causes both 
a root rot and a stem rot of poinsettia, did not 
cause damage at temperatures below 17°. Disease 
severity increased as temperature was increased 
from 13° through 30 





[he root rots ol poinsettia (Euphorbia pulcherrima 
J 


Wild.) caused by Thielaviopsis basicola (Berk. & Br 
Ferr., Rhizoctonia solani Kiihn, and Pythium spp 


have for many years been major obstacles to the 


profitable production of poinsettias. For the most part 
our knowledge concerning the effects of environment 
Ipon these diseases is inadequate, ilthough such fae 


tors as soil temperature. moisture, pH. and saprophyti 
microflora undoubtedly influence their occurrence and 


development markedly. Elucidation of the environ 


ent-disease relationships may point the way to better 


! 
ontrol 


of these maladies. since the commercial crop is 
grown under greenhouse conditions. where the findings 

environmental studies may. within certain limits 
te applied. Reported herein is a study of the influence 


ol one environmental factor—-temperature—upon 


growth of the pathogens. growth of the host, and de 
elopment of the diseases. 


LITERATURE REVIEW Considerable research has 


een reported on the effects of temperature upon thie 
growth of T. basicola, R. solani, and P. ultimum, and 


ipon the development of diseases initiated by these 


organisms on several agronomic hosts. Very little such 
work, however, has been done with ornamental plants, 
where the results of such studies could most readily 
be applied. 


Johnson, and Dickson (13) 
reported the optimum temperature for an isolate of 


This laviopsis. Jones. 


T. basicola from tobacco to be between 28° and 30°C 
Rawlings (24), working with isolates of T. 
Irom tobacco, cotton, and Primula obconica, reported 
better growth at 20 than at 10° or 30°, and better 


1 at 10° than at 30°. Barnett. Lilly. and Waters 


hasir ola 


wi 
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(4) reported that 7. basicola grows better at 25° than 
at 20°, 30°, or 31.5°. Lueas (20), working with iso- 
lates from Kentucky. Wisconsin, Virginia, North Caro- 
lina. and California. all of which were pathogenic on 
tobacco, found that all showed maximum growth be- 
tween 22° and 28 

lemperature has heen considered one ol the most 
important environmental factors influencing the de- 
ve lopment of black root rot of tobacco (6) The opti- 
mum temperature for development of this disease is 
between 17° and 23°C; a sharp decrease in severity 


can be noted at 26 and very little root rot develops 


at 29-30°. If temperatures are maintained as high as 
32°. the disease does not develop (13). Thielaviopsis 


root rot of cotton has also been reported to be more 
severe at low temperatures than at high temperatures 
>). and the same has been reported for Thielaviopsis 
root rot of poinsettia (7, 14, 28). 

Pythium.—The optimum temperature for growth of 
P. ultimum and closely related species from chrysan- 
themum, sugar cane, sweet potato, and poinsettia lies 
hetween 28° and 32°C (9, 10, 31, 32). In most cases 
where optimum temperature has been reported for 
disease development initiated by Pythium on its vari 
ous hosts, disease has been most severe at temperatures 
unfavorable for growth of the host, with little relation 
to the temperatures favoring fungus growth (3, 10, 
12). This being the case, one would predict that 
Pythium root rot of poinsettias would be most severe 
at low temperatures, since it has been shown that 
growth of the host is adversely affected by low tem- 
peratures (23). 

The group of organisms identified by 
the binomial Rhizoctonia solani is a heterogeneous 


Rhizoctonia. 


one. Isolates of this fungus have been divided into at 
least 3 distinct groups based on culture morphology 
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i | \ im temp tures reported 
for g1 sease development on 
its i I ts heterogeneity 
Richard e temperature requirements 
for pat K ts irious hosts 
I tu :, influenced 
little the requirement if the hosts, 
since late e was working with 
nflicted ot yn pea and potato 
cool i i otton (warm 
te | ( ) ot i given 
isolat K stod ite t i large degree 
the optimum te re for its growth as well as the 
temperat | inflict most damage 
upon its t \ ev of the literature indicates 
that 1 fall to 2 major groups 
is far " é ifture tor crowtl is con- 
cerned Mo ed tro hosts favored by 
high te t culture at tempera- 
tures nea ii I t greatest da ige neal this 
same temperat é »Y) »? n contrast, it ap- 
pears that iro! hosts favored by low 
temperat ! I r below 25 
ind inflict t e damage upon their hosts at 
temper 0) 6. 25, 26) There 
ire, of ¢ rst ) ‘ octonia olates that do not 
conform entiré e above generalization (15, 22). 
MATE! S yps.—T/ ypsis basicola 
was isol tock plants at Ithaca in 
May, 1957. with t rot-disk technique described 
by Yarwood (34 Pytl timum and Rhizoctonia 
solani we} liseased poinsettia plants in 
North Car September, 195; All 3 isolates 
proved te é ingly virulent and were used 
througho t t I! itor 
Lahorator Experiments were designed to 
determine the nt te perature for srowth of each 
of the above pat ns in pure culture The fungi 
were grow wa et plates containing about 
10 cc of potato-dext e agar (PDA In each experi- 
ment, al ite ired trom the same batch 
of mean to eT ! ror! Ty Phey were seeded 
centrally w l KS ol taken from 
the margins I t wwing colonies The tem- 
perature nee ¢ ed was trom ¥ through 36°C 
at 3° interval s were 1 ntained within 
1°C over the f t the experiments. 1X repli 
cate plat 1 ! i P ’ isolates 
and 4 of t j sis isolates were incubated at 
each temperat ¢ : each experiment Each 
fungus was tested east twice h temperature, 
excluding pi te 
During nrelin ' pac ements of colony 
diameter were 1 for each fungus, at each tem- 
perature, at 12 ur tervals during the entire incuba- 
tion period | ece nd later meas- 
urements were tak t the end of t neubation 
period. el vil rut is. since it 
was determi! © req 1 the riven 
organism t surface at its “optimum” 
temperature. Det tion of | dry weight 
has been considers more ecise ethod of meas 
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uring fungus growth (19), hence this method was eM. 


\fter 
colonies and supporting agar were removed from th 


ployed. colony diameters were measured, th 


Petri plates and placed in storage dishes containing. 
200 ml of distilled water. These were then placed ir 
an Arnold steam oven for 20 minutes. This freed th 


mycelium from the agar; the colonies were then yr. 


moved and washed. Dry weights were determined 


after the mycelial mats had been dried for at least 4 
hours at temperatures between 95° and 100°C. 
The effect of temperature op 


the development of each of the poinsettia root rots, a 


Greenhouse studies. 
well as on the root growth of healthy plants, was de 
termined in thermostatic ally controlled soil-temper 
tanks (8) in the 

Cuttings 
lected for uniformity 
They 


tray 


creenhouse. 
Fx ke 


vigorously 


ture 


(var. Barbara Supreme) were s. 


trom growing stock 


plants. were rooted in a specially constructe 


provided with adequate drainage ar 


rooting 
equipped with an electric heating element that mai 
tained a temperature of about 26°C in the vermiculit 


rooting medium at all times. The cuttings were roote 


under intermittent mist. Under these conditions, root 
ing was excellent in 15-20 days. even during the 
winter. 

1 


The potting soil was a mixture of 4% sand, 1% peat, 


field soil by volume. The mixture was about 
pH 7 after sterilization by autoclaving for 2 hours a 
15 lb The pH did not vary more than 03 


unit between different batches but in each experiment 


and 
pressure. 


a single batch of soil was used. 

Five soil temperatures were used, ranging from 13 
30°C at about 4 Temperatures 
were maintained within +1°C. In the late summer and 


through intervals. 


early fall, it was unnecessary to water the plants i 
the 13° tank, since condensation was considerable a 
this temperature, thus maintaining a high moisture 


level. At the other temperatures, plants were watered 
as needed in order to keep the moisture content at al 
content was 


temperatures comparable. The moisture 


) 


about 28° 


+ on a dry-weight basis. 

Inoculum was grown on PDA at room temperature 
21-26°C). Ten-day-old cultures of Pythium and 
Rhizoctonia, and 4day-old flood-plate cultures of 
Thielaviopsis were employed.* The sterilized soil was 
infested uniformly by mixing fragmented inoculum a 
the rate of 1 Petri-plate culture to 5 quarts of soil 
this amount of soil being used for each 10 plants ina 
Healthy rooted cuttings 


were potted in the infested soil steam: 


given experiment uniformly 
mixture in 
sterilized 4-in. clay immediately in 


steam-sterilized 1 yal. glazed crocks in the te m perature 


pots and placed 


, : - 
tanks. Each crock was equipped with a drainage well 
removed if necessary 


As controls, 


so that excess moisture could be 
Fig. 1) Each tank contained 15 crocks 
5 plants were grown in uninfested soil in each tank 
plants also 


during each experiment. The control 


served to determine the effect of temperature upon the 


[he solidified agar surfaces of prepared Petri plates 
were flooded with a pure spore of the fungus 
nd incubated for 4 days. 
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GRAVEL 
——_ 
Fig. l. Drawing showing the cross-sectional view of a 
l-gal. crock and supplementary parts prepared for use in 
he constant soil-temperature tanks 
root growth of healthy plants. 


Data in all cases were taken 2 weeks after the plants 
had been placed in the temperature tanks. Prelimi 
narv tests indicated that this was the best time to 
examine the roots if maximum differences were to be 
observed at the various temperatures under the condi- 
tions described above. The root systems were washed 
free of soil, care being taken to minimize breakage and 
loss of roots. They were then rated visually according 


to the following index: 0 healthy root system, | 
trace of root rot, 2 = about 14 roots rotted, 3 = about 
1 roots rotted. 4 about 34 roots rotted. and 5 


all roots rotted. An attempt was made to determine 
root rot severity hy taking fresh root weights. This 
method, however. did not seem to give a valid indica 
tion of root rot severity, since it was almost impossible 


to remove all of the soil and debris from severely 


rotted root svstems without losing portions of decayed 
ots. The problem was further complicated by the 
lifferent amount of growth occurring in healthy plants 
tl irious temperatures. For example, no root 
growth occurred at 13°C in either the infested or un 
sted s ind diseased and healthy roots conse 
weighed about the same Therefore. only the 
east lex values were used as a measure of disease 
ty | roo yvelonts ot hea \ pl ts. OF the 
1. were considered a valid indication of nor 

| root grow 
RESULTS Growth of the pathogens in culture Re 
sults crowt.-rate determinations ire show! 
gra illy ! Fig 2 Pythiun ultimur orew hest at 
‘ ind its optimum temperature range was 24 
3 C. Growth fe!l off very rapidly above 33°. Very 
little growth occurred at 9°, 12°, and 36°. Rhizoctonia 
solani grew best at 30°: no growth occurred at 9° and 
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very little at 12°, 15°, and 36°. The optimum tempera- 
For Thielaviop- 
sis basicola, the optimum temperature range was 15 


27°; optimum growth was at 24°, on the basis of 


ture range for this fungus was 27-31 


colony diameter, and at 21°C on the basis of mycelial 
weight. Considerable growth occurred at 9°, the low- 
est temperature in the series, but no growth occurred 
at or above 33 

\ comparison of the growth curves of the 3 fungi 
(Fig. 2) suggests several differences in the 2 methods 
of measuring fungus growth. Colony diameter reflects 
only radial extension or the ability of the organism to 
spread over the substrate, whereas dry mycelial weight 
represents total growth. With Pythium and Rhizoc- 
tonia, mycelial development was definitely sparser at 
low than at high temperatures. With Thielaviopsis 
this relationship was reversed. The optimum tempera- 
ture range for growth of these organisms is greater 
when determined by colony diameter alone than when 
determined on a dry-weight basis. This was particu- 
larly true for Pythium and Rhizoctonia, since they 
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Fig. 2. Effect of temperature upon the growth of A) 
Pythium ultir n B) Rhizoctonia solan and C) Thiela- 











ipsis basicola on potato-dextrose agar as determined by 
ony diameter and drv mycelial weight. These measure- 
ents represent the average of 2 experiments with 6 repli- 


cate colonies ot Pythium ind Rhizoc tonia and } replicate 
colonies of Thielaviopsis at each indicated temperature. 
Both measurements were made from the same thalli in each 
case. The incubation periods were 41, 48, and 120 hours, 
respectively, for Pythium, Rhizoctonia, and Thielaviopsis. 
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branching and elongation of existing roots. At 9] 
root growth was extensive; the root system becam, 
elongated and highly branched, the branching beigg 
profuse near the base of the older roots. The san, 
the only differ. 
ences being that growth was a little more massive thay 
at 21°. At 30°, growth fell off considerably; the rog 
=<ystems were elongated but very little branched, and 


type of development occurred at 26 


very few new roots were initiated. 


Root rot symptoms. 


5 


Thielaviopsis basicola appear 
to be able to attack the root system at almost any 
point. In soil of high inoculum content, as used jp 
these studies, a root system speckled by numeroy 
light brown lesions may be considered characterijst) 
of early infection. The lesions are not necessarily 
congregated near the points where new roots emerge 
from older roots, as has been described tor tobaces 
(6) \s the disease progresses the entire root systen 
may turn brown and later become black because of 
formation by the fungus of characteristic black-walled 
chlamydospores. In the later stages of infection, long; 
tudinal black cracks, aparently initiating at lenticels 
appear on the lower portion of the stem. the black 
color again resulting from the presence of chlamydo 
spores. The latter symptom is definitely characteristig 





Fig. 3. Typical 
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is infection and distinguishes it from 


of Thielaviops 

Rhizoctonia and Pythium rots. . 
Pythium ultimum commonly initiates infection neal 

particularly in small roots. Once infec- 


the root tips. 
favorable. the 


on has occurred and conditions are 


! 
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fungus gradually progresses up the root system. In 
cases where disease is mild, infection may be limited 
infected, but these are 
This is 
Under conditions of 


to the few roots originally 


usually completely destroyed. particularly 


true at high soil temperatures. 
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tion, and the majority were dead. In the 26° series, g 
plants were severely affected. differing irom those in 
the 30° series only in that the rate of disease develop 
ment was a little slower. At 21°, destruction was inte. 
mediate between that at 26° and 17°: at 13°, only, 
race of either root or stem rot developed. The rely 
tionships between temperature and fungus growth @ 
PDA, healthy root growth, and disease development 
ire depicted graphically in Fig. 4. 
Discussion..-The reported optimum temperature 
for the growth of 7. basicola varies from about 29% 


13) down to 2] is reported here. | ndoubtedly some 


if these differences are due to different te hniques 
ised by different workers in growing the organism and 
determining growth, as well as variations in other ep 
ronmental factors Also. the existence of definite 
vsiologic strains has been demonstrated (2. 14, 30). 


which may explain the differences in part. 


' , 
According to Lucas (20), the average optimum tem 
f ture tor 5 isolates ol ] DaASLCO STOWINE ON Oat 
eal ivar Was 26 (.: growth was me isured bv colony 


eters When these same isolates grew on potato 


extrose broth and growth was determined bv increase 
weight. the iverage optimum temperature was 
' ) +} Qe 
( nad ore ro ecurred a ZU in at 2 
t Wher -et i le Was row! n 
) ‘ " 
PIA the opt s 24 \ mwtl was leter. 
measuring jiamete ind 21°¢ w hen 
' ’ e af 
ed \ | welg of f same 
ts e cittere t ~ ‘ e ce t opr 
elial mats at wer temperature 
| optimum te pre ture tor pP fir n was Ito 
. . , 
ibout the same as that reported by Tompkins 
' ) Q ang . 
Middleton (31), 28°¢ All Pythium spp. thus fa 
rrted fro this host ve this s e optimum I 
thors reported that the opt mum ten perature 
, , - 
-olate f K S¢ l trom poinsettia was 2 
ss vests ft po settia - ro \ suceptible t 
I a! | w -te perat ¢ strains ot this 
vist soil of ne il reactio T hielaviopsis 
k tonia, and P) each capable of rend 
] ] 
¢ temperat ¢ = ora to t j elopme 
, " 
e respective diseases, | d if these tem 
, ’ 
, tanc 2 e ‘ { cide he 


Ke ly ind SS ks an) t if r gree 
S ) Vitions {} | night P erat t Wds 
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! ed Was SHOW t t I ela sis root rot dé 
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reported for Thielaviopsis root rot of tobacco (13). 
The results reported by Keller and Shanks may not 
inconsistent with ours, since their average tempera- 


undoubtedly were higher than their night tem- 


be 
tures 


peratures. ; 

In general, little attention has been given to the 
effect of temperature upon the development of Rhizoc- 
tonia and Pythium root rots of poinsettia, although 
these organisms have been known for many years to 
be of utmost importance (21, 27, 31). Tompkins and 
Middleton (31) observed that young plants exposed to 
air temperatures above 80°F or below 60°F become 
more susceptible to attack. Our results show that 
Pythium root ret is definitely favored by low soil tem- 
nerature, 17°C (63°F) being optimum, whereas 
Rhizoctonia root rot is definitely favored by high soil 
temperature, 30 ¢ (87°F) being optimum. 

With Pythium, disease severity is less, whereas with 
Rhizoctonia, disease severity is greater near the opti- 
mum temperature for root growth, even though this 
also approaches the optimum for the growth of both 
fungi. With Thielaviopsis, disease is increasingly 
severe as temperature decreases below the optimum 
for root growth. and the optimum range for disease 
levelopment includes the lowe1 portion ot the opti- 
mum range for fungus growth. 
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CCI ENG AND TRANSFER OF A BIOLOGICAL FACTOR IN SOIL THAT 
SUPPRESSES POTATO SCAB 


J. D. Menzies 





<I MMAR 
r te erious in the soil was first steamed. Control of scab in infested 
newly of central Washington. but soil was good from a combination amendment of 
een farmed under irriga suppressing soil and 1° alfalfa meal. Neither 
tion f ot expe ts showed that constituent was consistently effective alone. \ 
the ta per ent suppress biological factor. possibly microbial. appears to 
ef t o culation with the have developed naturally in these older farmed 
patho \ fested soil was mixed soils. and can be established in other soils by mass 
é ppre ¢ soil, scab was soil inoculation fortified with a microbial food 
| I i i the suppressing “OuTCE 
Bi f plant thogenic organ soils, it should be more lasting than one induced 
isms il ta tic effects of the asso the sudden addition of energy-rich substrates. 
ciated e ce on in culti The work reported here concerns a study of suel 
vated s \ purifying action by situation in soils of central Washington. leading to th 
bene tthe world would — conclusion that some scab-free soils have an apparent 
quickly be th root-disease organisms biological suppressing effect on the disease. and tha 
that 1 t f erio threatened this suppression can be transferred to infested soj 
Phese ore (riguing possi thereby reduc ing scab incidence 
hilitic lisease ontrol. but not NATURAL OCCURRENCE OF SCAB SUPPRESSION.—A) 
enou . ‘ ! t the ! i . - olved or erratl distribution of potato s« ab in soils of simular 
their mod the pecifically on a held type in central Washington has become obvious 
scale for t recent years following the expansion of irrigated acre 
lt i t 1¢ ertain condi ige. Older irrigated potato-producing areas are aln 
tio ir crop scab-tree. whereas adjacent lands irrigated ar 
sequence ess cab, caused by cropped only in the last 15 years or so have become 
Streptor ixt Wa & Henri cenerally infested with the pathogen, The difference 
In 1926 S ested that tl tvpe of con in scab incidence has been striking where new lar 
trol n f it y organic residues has been farmed adjacent to old irrigated fields, | 
Or o1 \ specifi several such cases where continuous potato producti 
example wv ted by Millard and Tavlor has been attempted. the new-land crop has become 
} ‘ | t tinomveete in iniformly seabby. although scab failed to appear 
hil ited s ues Incorpo thie old land 
rated iT » f tiie there No records navy heen Tound that show whether sca 
have ression by Was a problen in these older areas when the wel 
orga 5. 3 ' sterile first settled. over 50 vears ago. but some older farmers 
soil | I t ! inftagonisti have recalled that this was the case There is no cor 
organis sistent cropping history in these instances Alfalfa 
S s been a trequent crop. along with sugar beets. cor 
incorpora tter in the ereals. and potatoes 
soil r oJ t tavonists \ It is safe to assume that these flelds that have pr 
tempo! ic wing s iuced many crops of potatoes have heen contaminated 
treat erent in Kind it least occasionally with the seab organisn There 
ind é libriur - evidence that the pathogen exists in the virgin 
If ve itu y established ». «). and since seed treatment has seldom been used 
at the t inamended the seed must have carried the organism quite fre 
rently Also. soil and associated organisms oftet 
\ | \y 959 move trom farm to farm by means of drainage water 
M n R wind storms. and farm equipment. Absence of sea 
search D \RS S. D. A. Washi Agricultura | 
Exper nt Ste S a a Ny 1766 in these cases must therefore be due to conditions 
Washington A Ey , < a infavorable for the organism or its parasitism. not t 
This is t py t I t by tunds pre mere escape. 
vided f{ ! the Stat I COMPARISON OF SCABBING TENDENCY OF OLD AX 
VW is! ] | \I \ . . 
Mict c Se Ee NEW SOILS, When these studies were begun it seem 
Research By vt ( ar ee eat im possible that soil type might have a bearing om the 
Division, ARS \ i t occurrence of scab. especially since there is a wide 
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‘ 
ante 1—Effect of cropping history on survival of potato free seed treated with acidified mercuric chloride was a 
. ‘ . f M ; re ii 4 4 : 
scab for a 5-year period following inoculation in 12 ysed for each crop. Each year the tubers were har- 


} lumeb Basir 
coils from the Columbia basi . . 
/ vested at normal maturity and graded into scab classes 


Scab index Average by the following scheme: 0, no scab; I, < 1% of sur- 
1953. 1954. 1955 1956 1957 1954.57 face scabbed; II, 1-5%%; III, 6-10%; IV, 11-25% 
V, 26-50%; VI, 51-75%; VII, 76-100%. 


, soils . . . _* 
ntested ee le 99 4 20 = 9 15 = Grading was simplified and standardized with pre- Py 
> uitzvilie &-& “ os <4 . . ’ 
lent of v 9 - 2 o 7 9 vared charts that showed ovals with various percent- ' 
\ ith Timmerman ) 2.4 ».4 é o.4 : fi 
— Ephrata 26 52 74 25.7 126 15.2 ages of their area blackened out to simulate scab ‘ 
2c. d+ 9» ») ° . . 
\ Sagemoor #1 2.9 9.9 90 14 19.0 13.2 lesions. By using the arithmetical mean for each class, ‘ 
ars to Sagemoorl #2 2 ) 8.9 12.2 19.2 10 5 12.7 . “ 
Seiad: age! —_ : ~ ae a a Seab Index was calculated for each replicate of ’ 
armed Esquatzel 2.3 i2.0 7.] 16.9 17.3 13.3 : 4 
y mass Wheeler 11 17.7 122 197 105 150 each soil. ‘ 
food Warden 3.1 15 18 278 » ae 9.2 During the 5 years of this experiment, no precau- 
) o°o ) ,e cf » > . ° ° . Ps 
Burke 2.1 14.6 8.8 £9 29.9 20.0 tions were taken to prevent accidental contamination F 
Cultivated a" 10 04 02 a 1] PY of the soils from wind-blown soil or through handling. ? 
Sagemoor #3 d a ) ; ) 3 i 
Neches 2] 0.5 0.5 05 05 0.5 except that tools were wiped free of loose soil before 
Sagemoor #4 2.9 0.2 0.2 0.7 0.3 0.4 use. Irrigation water from the valley canal system 4) 
duced ane © 
iced was used when needed. Low rates of N fertilizer were “4 
s added annually. \ 
nt such g range of soil pH and calcium carbonate in the soils of Table 1 summarizes the results for 5 successive ‘; 
ng tO the : ‘ . ore " 
1g to th central Washington. Previous work had shown that a crops of scab-susceptible White Rose potatoes. The 
apparent high soil ( al ium content at a soil pH above 8.0 re first-vear crop, produced trom scab infected seed ua 
and tha sulted in a reduction in scab incidence (4). Accord pieces, was slightly scabby in all soils, indicating that y 
te ry, . - . . 
ted sot ingly, large samples of surface soil were obtained from inoculum was successfully introduced, even into the ia 
virgin areas ol nine different soil types in central old-farmed soils. In succeeding years, s« ab damage x 
ON -An . . . . ° . . ° 
: A Washington. Similar samples were selected from increased to a very high level in all the nine virgin . 
: 3 . g 
imila farm fields with a record of scab-free potato produ soils samples, but dropped down to little more than O 
\ us . . > ° ° : 
vs tion in recent years, in 3 old-farmed areas of the a trace in the three old-farmed soils, though there was Ia 
er re : 4 
hs Yakima Valley. enough to demonstrate that the pathogen was. still eh 
¢ Mae . ° * 
_— The experiment was set up out-of-doors in bottom present at the end of five crops. Its parasitism, or fa 
ed] ar ° ° . : 
an less 9x 9-in. metal containers placed 11 in. deep in soil — population level, however, was consistently suppressed ‘ 
become | 2) . . . : 44 
' with a 2-in. rim remaining above the soil line. Each COMPARISON OF CHEMICAL PROPERTIES OF SOILS. “s 
fterence : . , : ; ; 
: soil sample was screened, mixed, and distributed into During the last season of the above experiment, after } 
PW lar ° : . : ° ° bt 
ld 7 $# containers in a randomized block design. For the the soils had been cropped uniformly to potatoes for % 
~/ first potato crop, scab-infested seed pieces of the White five vears and otherwise treated the same. the soils é 
wiuction 1 ° . ‘ 
iad Rose variety were planted. In succeeding years. scab were sampled for chemical analysis. Since differences ‘ 
hecome % 
n ae 
pear l 4? 
TABLE r ( her ca harac le risti ‘ | Cs ? { i Basis SO S sted iv Table ] A 
eT sca > 
Cation CaCO fy 
were e. 
exchange Exchange- Exchange Equiva re 
farmers capacity” able K able Na lent ECx 10 OM. ' 
no COr Soil me/ 100 ¢) (me/ 100 g) me/100 @) (%) (mmbhos/em) pH ) y’ 
; iT , 
Alfalfa Virgin soils a’ 
~~ Ritzvills 124 2.0 0.23 1.1 0.73 74 0.52 a 
Timmerman 12.2 2.1 0.19 0.1 0.57 6.6 O58 " 
ve pro Ephrata 12.4 2.1 0.23 0.1 0.58 6.8 0.69 4 
‘inated Sagemoor #1 14.0 1.9 0.27 1.6 0.80 7.2 0.62 Ay 
TI Sagemoor #2 13.4 2.3 0.24 1.3 0.70 7.5 0.23 st 
nere aa = 2 - ‘. 
Esquatze 12.4 0 0.22 0.3 0.70 7.5 0.67 . 
in $0 Wheeler 12.0 2] 0.2] 08 0.69 12 0.43 ‘ 
n used Warden 15.3 93 0.27 0.1 0.52 6.4 0.36 e 
te fre Burke 11.6 7 0.19 0.3 0.63 73 0.70 i 
aia (verage 12.9 2 0.23 0.6 0.66 0.53 
: Cultivated soils J 
water i i l 4 
f sca Sagemoor #3 12.2 1.9 0.22 0.4 0.52 7.3 0.80 i 
= ; = on - ¢ 
. Naches 11.) 1.6 0.19 0.2 0.72 7.0 0.56 ! 
ditions Sagemoor #4 18.2 27 0.30 0.2 0.80 6.2 1.08 he 
not t \verage 13.8 ] 0.24 0.3 0.68 0.81 ,§ 
e 
ae ; 
| ; rExchange capacity, exchangeable cations, and conductivity of saturation paste extract (ECx 10°) were determined Z 
) une rding to methods in USDA Handbook No. 60. 
eemed CalOs equivalent, by measuring the COe evolution from addition of 6N HC] to the soil in a Scheibler lime apparatus. ; 
va the Soil pH, determined on saturated paste with a Beckman glass-electrode meter. 
wide Organic matter, by Melsted’s modification of the Allison-De Turk dichromate method. These analyses were performed ’ 
DY Carl | ( rawtord. physic al «=< ience aid 
) 
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fine sandy loam was used, treated with various rates 
of suppressing soil and alfalfa meal, and then yj 
formly inoculated with S, scabies. Inoculum was pre. 
pared from scabby potato peelings passed through g 
meat grinder and allowed to drv slightly before being 
mixed into the treated soils This experiment was ar. 
ranged out-of-doors in 18-in.-diameter concrete tile 
sections set in the ground. Four tiles were used for 
each treatment. The bottom portions of these tiles 
were filled with field soil The treated soils Were 
placed in a 10-in. layer on top of this soil. This 
method was used because of the large volume of 
treated soil that would be required to fill the whole 
tile. From previous experiments it was assumed that 
the 10-in. layer of soil would surround the tubers and 
that the growth of roots into the untreated soil would 
not affect the scab reaction. This assumption was 
apparently sound. 

Three consecutive crops of White Rose potatoes 
were grown in these soils. The second crop was pro. 
duced in the greenhouse by transferring the top 4 in, 
\fter the 
second crop, the soil was returned to the original tile 


of soil from the tiles to 5-gal. containers. 
ind a third crop planted. In this way, three crops 
were obtained in two growing seasons 

Phe scab incidence is reported in Table 4, both as 
scab indices and as percentage of tubers scabby. In 
the latter case. minute and rare lesions were disre. 


earded. and tubers falling in Class O and I were con. 


sidered non-scabby. The combination treatment of 
10 suppressing soil with 1°; alfalfa meal gave a 


scab index of 0.7 cver a three-crop average, compared 
with 0.3 for 100° suppressing soil, and 9.0 for non- 
suppressing soil. Alfalfa meal alone permitted as 
much seab as occurred in the non-suppressing § soil, 
whereas the 10°% suppressing soil treatment was inter- 
mediate in reaction. This treatment had been com 
pletely ineffective in the previous experiment (Table 
\vain, steaming destroyed any scab-suppressing 


effect Although en average of 14.3 of the tubers 


| I } / anste ol ppress yg ¢ ect ror a scab- 
l fo rg ) a ed 
Ist 2nd ird 
eatment crop crop. crop \y 


Suppressing soil (SS 0.4 0.4 03; & 
Suppressing soil steamed 2.8 13.3 8.9 83 
Non-suppressing soil \ss) 06 194 6.9 90 
Vss + 10 SS 0.5 29 53 22 
NSS (10 SS steamed LS 126 132 om 
Vss 10% SS +] alfalfa me 0.3 1.0 09 07 
Nss | ilfalfa mea is 3 91 
NSS) (steamed) 0 312 125 ts 
scabbv tubers 
Suppressing soil (SS) 3.9 1.0 9 dh 
Suppressing soil steamed 13.6 84.2 733 670 
No} suppressing soil iNSS 90 1000 78.1 624 
\ss 10 ss 63 55.0 49.0 368 
VSS 10% SS steamed) 293.0 96.0 94.1 710 
Nss 10 SS + ] alfalfa mea 0.3 21.7 21.0 143 
NSS + 1° alfalfa meal 2.4 84.6 83.8 669 
NSS: steamed 27 100.0 94.9 825 
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mixed into naturally scab-infested soil. The pots were 


vraded scabby in the combination treatment, most ol 
é planted wih White Rose pocatoes | week after the 


hed such inconspicuous lesions that they would 


them : : 
have been disregarded in commercial grading. Repre- treatments were made. 
i Two crops were grown in this experiment, one in 


tubers from this treatment are shown in Fig. 


sentative _ nT 
= the greenhouse and one outdoors. The results (Table 


1-8. 5) again demonstrate a reduction in scab by suppress- 
CONTROL ATTEMPTS WITH INOCULATED ALFALFA, ing soil and alfalfa meal. The pronounced scab con- 


The above experiments supported the hypothesis that tyoJ resulting from the 1° alfalfa treatment is con- 


, biological factor was involved and that its introduc- trary to previous results. Since this treatment resulted 


tion into infested soil was possible when accompanied in less scab than the same amount of alfalfa slurry- 
hy an added food source. However, if this transfer of 


suppression has any possibility for practical field use, 


suppressing soil, an experi- 
\ssuming this 


treated or used with 1% 
mental error is strongly suspected. 
error, one can conclude that using 1% 


soil in conjunction with alfalfa is almost as effective as 


lower rates ot inoculum and food source must be suppressing 


effective. Attempts were therefore made to obtain the 
inoculating the alfalfa meal with a and that even slurry-inoculated alfalfa is 
effective at ithe 1° rate but not at 0.1 or 0.019%. In 
view of the uncertainty raised by the performance of 


alfalfa alone. however. this conclusion must be tenta- 


same effect. by using 10°. 
slurry of the scab-suppressing soil. The slurry was 

de frem 8 lb. of soil in The alfalfa 
meal was weighed out, and then moistened with the 
It was then thoroughly tive. 


3 gal. water. 


-lurry to a damp consistency. 














; 
Fig. l-$. Repres ntative tubers from treatments of s« ab-infested soil with various combinations of suppressing soil 
(SS): 2) suppressing soil steamed; 3) non-suppressing 
alfalfa meal; 7) NSS 4 








and alfalfa meal (Table 4. second crop). 1) Suppressing soil 
soil (NSS): 4) NSS + 10% SS: 5) NSS + 10% SS steamed; 6) NSS + 10% 


1% alfalfa meal: 8) NSS steamed. 


SS 4 1% 
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lhe dominance of a known suppressing soil over the 
nfested soil. and the susceptibility of the SUppressing 
factor to steaming, point more strongly to a biologiea} 
factor than to any chemical or physical one. Although 
the data do suggest that the suppression factor jg 
biological, they do not indicate whether its effect j, 
lirectly upon the pathogen in the soil, upon its patho. 


venicity, 


x upon the susceptibility of the host tubers 

Much attention has been given to studying the fae. 
tors responsible for destructive outbreaks of root dis. 
ease in crop plants. In the case of organisms that, like 
S. scabies, are capable of saprophytic survival in 
wide variety of soils. it may be equally important to 


investigate in detail the natural factors that prevent 
these diseases from being even more widespread and 
lamaging. It is generally assumed that cultivated sojls 
sometimes develop microbial equilibria that have g 
controlling effect on soil-borne pathogens. and that sojj 
nanagement practices such as green manure treat. 
ments or rotations are important because of their ip. 
fluence on these equilibria. The experiments reported 
here suggest that a disease-controlling equilibrium, 
which may take many years to appear naturally, may 


be induced in one season by appropriate treatments 


\ thorough understanding of the processes and or. 
vanisms involved may eventually lead to their cireet 
itilization for disease control. 
IRRIGATION EXPERIMENT STATION 
PROSSER, WASHINGTON 
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DEMONSTRATION OF PHYSIOLOGICAL RACES WITHIN THREE ROOT-KNOT 
NEMATODE SPECIES ATTACKING ALFALFA? 


Bernard P. Goplen.- Ernest H. Stanford.’ and Merlin W. Allen‘ 


SUMMARY 


A test of the virulence of 20 collections of root- 
knot nematodes { Veloidogyne Goeldi. 1887 ) was 
made on five alfalfa host differentials. Three bi- 


otypes were found in M. incognita acrita, 2 in M. 


javanica javanica, and 2 in M. hapla. A single 
alfalfa clone selected from the variety Vernal gave 
resistance to all collections. 





Behind a facade of phenotypic uniformity, the mi- 
croscopic obligate parasites known as root-knot nem- 
atodes successfully evaded taxonomic subdivision until 
only recently. However, Christie and Albin (3), in 
1944. and Christie and Havis (4). in 1948. experi- 
mentally demonstrated the existence of races within 
the reot-knot nematodes, then regarded as one species, 
Heterodera marion, In 1949, Chitwood (2) placed 
the root-knot nematodes in the genus Meloidogyne, and 
described several species within this genus. The above 
work was very useful in explaining many previous 
inconsistencies of field and laboratory results. 

Subsequent work by Allen (1) indicated that varia- 
tion within a species of root-kKnot nematode (WMelo- 
idozyne incognita acrita Chitwood, 1949) was even 
greater than previously believed. He found that sev- 
eral populations of this species of root-knot nematode 
collected from cotton in California displayed a wide 
diversity in host-plant specificity. Martin (9) found 
physiologic races of both M. incognita and M. incog- 
nita acrita on cotton, while Sasser and Nusbaum (10) 
found races of M. incognita acrita differing in path- 
ogenicity on tobacco. 

Lider (8) found considerable variability in the re 
action of two species of Vitis to diverse collections of 
V. incognita acrita. This indicated that, within this 
single species of root-Knot nematode, there existed 
racial differences in ability to attack Vitis spp. 

Phe existence of races has also been reported for 
nematodes other than root-knot nematodes. Smith 
11). in 1951. reported that at least 2 distinct biologic 
races of the stem nematode, Ditylenchus dipsaci, may 
attack alfalfa. Similarly, Jones (7) clearly demon- 
strated the existence of races within the potato root 
eelworm. Heterodera rostochiensis Woll. 

Three species of root-knot nematodes are known to 
attack alfalfa in California. Their prevalence and 
damage in alfalfa fields is becoming of economic 


concern Preliminary to any breeding program. it 


\ccepted for publication April 20, 1959. 
Contribution from the Agronomy and Plant Nematology 


Departments, University of California, Davis and Berkeley, 


respectively. Part of a thesis submitted by the senior au 
thor in partial fulfillment of the requirements for the Ph.D 
de cree 

Research Officer, Canada Department of Agriculture Re 
search Laboratory, Saskatoon, Saskatchewan (formerly Re 
search Assistant. | niversitv of California, Davis). 

Associate Agronomist. University of California. Davis. 

Nematologist. University of ( alifornia, Berkeley. 


would be invaluable to determine if races of the para- 
site existed within the three species of root-knot nem- 
atodes that attack alfalfa. This report summarizes 
the results of such an investigation. 

MATERIALS AND METHODS. Twenty-four different col- 
lections of root-knot-infected alfalfa plants were ob- 
tained in the summer of 1956, representing a diverse 
sampling of the alfalfa-growing areas of California. 

For each collection, the infected alfalfa roots were 
finely chopped, mixed thoroughly into steam-sterilized 
soil, and replicated by placing equal portions in three 
7-in. pots. The pots were then partly submerged in a 
bench filled with soil containing a soil-heating cable 
with a thermostatic control. The soil temperature was 
maintained at 28°C for optimum nematode activity and 
reproduction. Seed of a susceptible tomato variety 
(Pearson’s Improved) was then sown in each pot to 
increase the nematode populations. Each population 
was allowed to reproduce for 7 months, after which 
the plant tops were removed. leaving the heavily in- 
fected roots intact in the soil. This series of infested 
soils (three 7-in. pots of each) was then planted with 
the 5 alfalfa host differentials to determine if physi- 
ological strains of the nematode existed, 

The 5 plant types used as host differentials in this 
investigation are listed in Table 1, with relevant infor- 
mation for each. The host differentials were plants of 
5 alfalfa varieties, chosen for varied genetic back- 
grounds and expected root-knot reactions (Table 1). 

The first 3 host differentials were cloned by placing 
vegetative stem cuttings from these plants in steam- 


TABLE & {/falia host differentials used in tests against 20 
root-knot nematode collections 


Host Variety Method of Expected root 
differential source propagation knot reaction 
\frica Africa clone of one WV. javanica ja 

plant vanica resist- 
ant 
VW. hapla sus- 
ceptible 
M-8 Hilmar clone of one WV. hapla resist 
plant ant 
M-9 Vernal clone of one VW. hapla resist 
plant ant 
Caliverde Caliverde open-pollinated V. hapla sus- 
seedlings ceptible 
IR-7 California  self-pollinated Segregating for 
Common seedlings resistance to M 
javanica ja 
vanica 
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sterilized sa the n this medium until 
property ( ek Seed from host dit 
ferentials 4 inted to flats with steam 
sterilized ved to grow until the seedlings 
were well ¢ rf WOKS \ cutting or seed 
ling fror f elected alfalfa sources was 
then tra f f i the three (-in. pots repre 
senting ¢ ect Seed ot a susceptible variety 
of tomat ear improved vas also planted in 
each 0 x I ( itode concentra 
tion and t r tions were taken against con 
taminatior ) liacent collections by spacing 
each so f { ! ror one inother and 
by caret 

The | roy I ths. then care 
fully re eXxa ed for degre 
oft intect \ ! ere examined with a stereo 
scoop ed as resistant or suscep 
tible luction of nem 
todes i 

The \ ell-intected ilfalta plant or 
tomato ) ere infected) was 
take I tt f lassification 
and the let ed 

EXPERIN i our of the 24 original 
collections { w adequate fection on the 
suscept nt i i hence were di 
carde i \ ! 1) collections showe | 
heavy te e react of some of 
these co re 1 in Table 2 


tions a nde iilections Kach 
of these rm vherea ( iliverde was 
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was tro f-pollinated seed 

One of ( int result Table 2 is the 
different ed \ IIe trons ¢ aruthers 
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M-8 host-pathogen relationship 
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within M. incognita acrita. 

The results of the tests involving the 20 collection. 
did not indicate any variation among the 9 collection. 
of Meloidogyne javanica javanica Treub, 1885. Infor 
mation obtained from additional studies, however 
strongly suggests that physiological races exist withip 
VW. javanica javanica also, For example, clone M-8 was 
susceptible to all the collections of V7. JAVANICA Jar. 
nica included in this study. However. Ss (second-gep, 
eration selfed progeny) seed from a selected S, play 
of M-8 was tested against an WV. 


population at Riverside. California.” 


javanica javanicg 
and of 17 plants 
tested against this inoculum. 10 were resistant and 7 
The selfed progeny of 2 other selec. 
M-4 and M-9, were tested against the Riverside 


population of M. javanica javanica, and they also gaye 


were sust eptible. 


tions 


i majority of resistant plants (7 resistant to 4 suscep. 
tible. and 7 resistant to 2 susceptible. respectively 


The predominance of resistant plants in the selfed 


progenies of these 3 selections indicates that resistance 
is dominant. 


the = 


Therefore, the resistance appearing jy 
family of M-8 must have been derived from 4 
dominant gene present in the original M-8 selectior 
Thus it can be logically inferred that the Riversid 


collection ol V. 


heen able to reprod ce 


lavanica javanica would not have 
on the orizinal clone of M& 
striking contrast to all the MW. 


avanica collections tested at Davis. which reproduced 


This is in javanica 


freely on this clone. This variability in reaction of 


M-8 to different collections of M. javanica javanica 


strongly indicates the 


occurrence ot races within this 


species 

Only 2 collections of M. hapla Chitwood. 1949, were 
tested. and both reacted similarly on the alfalfa host 
differentials. Additional genetic data. however, clearly 
revealed that these 2 collections are different biologica 
In tests 
of the selfed progeny of a se lection of Vernal (M-4 


( hosen 


races of one species oft root knot nematode. 


because of its demonstrated resistance to 
Caruthers-] collection of WV. hapla, 273 resistant and 4 
susceptible plants were observed. In contrast, when 
selfed progeny of M-4 were tested against the Arvin-l 
collection of M. hapla, all of the plants observed were 
completely susceptible to this collection of nematode 
Thus races also exist within the M. hapla sper ies of 
root-knot nematode 

The only information obtained from the Caliverde 
host differential is that some plants within this alfalfa 
variety are resistant to some of the collections of M 
avanica javanica and WM. incognita acrita. Similarly, 
selection JR-7 contains an inherent resistance against 
ill of the collections of these species of root-knot 
nematodes, Both Caliverde and JR-7 are, however, 
comple telv suse eptible to the 2 collections of V. hapla 
included in this test. 

From a_ practical plant-breeding standpoint, the 
most important result from this study was the observa 


tion that clone M-9 was resistant to all of the 20 col- 


This test was conducted by Dr. I. 
ment of Plant Nematology, University of California, River 
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J. Thomason, Depart: 
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tions of root-knot nematodes (Table 2). Resistant 


i 
hall also appeared when 5, seed was tested against 
the Riverside population of M. javanica javanica. 
Hence the resistance of M-9 held up against all root- 
knot nematode collections in California tested in this 
study. This is particularly noteworthy since these col- 
lections included 3 species of Meloidogyne spp. as well 
is recognized races within each of these species 

DiscUssiON AND CONCLUSIONS.—The occurrence of 
diferent physiological subunits within Meloidogyne 
spp. Was unrecognized until relatively recently (1. 2. 
, 4.8. 11). A classical example may be cited from 
work with peaches. In 1943, Weinberger, Marth, and 
scott (12) tested several introductions of peach seed- 
lings for root-knot resistance and found 2 selections, 
Yunnan and Shalil, resistant to the nematodes used in 
their test. In 1950, however, Havis et al (5) found 
that. although M. incognita acrita was ineffective in 
attacking these 2 peach rootstock selections, M. java 
nica javanica was virulent. They later found a selec- 
tion that displayed a high degree of resistance to both 
of these nematodes. Similar findings, at the subspe- 
cies or race level, have been recorded by Jones (7). 
He reported numerous biotypes within the potato root 
eelworm, Heterodera rostochiensis, that were capable 
of infecting resistant clones of Solanum spp. This 
work clearly demonstrated the futility of using a very 
limited collection of nematodes in breeding for resist 
ince. Both examples illustrate the importance of de 
veloping varieties of crops with resistance to a wide 
collection of species and races of the parasite involved 

From these investigations it was conclusively dem- 
onstrated that different biotypes or physiological races 
existed within M. incognita acrita and M. hapla. 
Through less direct means, it was also concluded that 
VW. javanica javanica also contained different  physi- 
ological races with distinct host preferences. The 
detection of races within each of these species of nem- 
atodes attacking alfalfa should caution the breeder to 
use extensive and diverse sources ot noc ulum in de- 
veloping a resistant variety. 

In breeding for resistance to any pathogen it is im- 
portant for the plant breeder to have information on 
the physiologic races or biotypes to which his resistant 
varieties may be subjected in the field. Identification 
of races is dependent on establishing an appropriate 
series of differential hosts. In the case of sel f-pol- 
linated crops such as wheat, in which varieties may 
be maintained as essentially pure lines. the seed pro- 
geny of a variety may be quite satisfactory as differen- 
tials if precautions are taken to maintain the purity of 
the variety. With a cross-pollinated crop such as al- 
falfa, however. the “purity concept” is untenable. for 
varieties are composed of individuals with considerable 
heterogeneity for many characters; due to its breeding 


behavior, the genetic base of a cross-pollinated variety 


is necessarily much broader than the genetic base 


of a self-pollinator. In the present study, the variety 
Vernal has yielded individuals resistant to two distinct 
races of VM. hapla, individuals resistant to one race but 
not the other, and individuals susceptible to both races 
In a small sample of individuals. as is frequently 
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used for racial testing. this variety then might give 
a resistant, susceptible, or mixed reaction to the same 
race. In the present experiment the variety Caliverde 
was not useful in differentiating races, because of the 
mixture of genotypes. 

Alfalfa can be cloned and propagated indefinitely by 
vegetative means. The clones are of constant genetic 
composition. Clones M-9, M-8, and M-4 and the clone 
of Africa proved to be satisfactory differentials in the 
present study. lt is therefore proposed that these 
clones be maintained to serve as a basis in future 
studies of physiologic races, As additional studies are 
made, additional differentials may be added. This 
same principle of standardizing host differentials 
could be extended to other crops to facilitate positive 
verification of species and races of nematodes by the 
use of similar host differentials. 

The problem of races among different nematode col- 
fections is quite different from the race problem in 
certain diseases. ‘The spread of a particularly virulent 
race of air-borne fungai disease is phenomenal. Many 
such examples have been recorded from stem rust of 
wheat (6). The rate of spread of virulent biotypes 
of nematodes, however, is very slow in comparison with 
stem rust, because of the lack of mobility of the para- 
site. Thus, if a crop variety has been developed resist- 
ant to a large number of nematode collections taken 
from the main areas of proposed use, the variety should 
“stand up” for a considerable period. 

The genetic behavior of resistance in alfalfa against 
V. hapla and M. javanica javanica has been deter- 
mined, and will be reported in a later paper.® 


DEPARTMENT OF AGRONOMY 
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SUMMARY 


higher 
viruses 


(16° and 20°C) 
and 28°C) 


the pea aphid 


than at 
All 3 


(Vacrosiphum pisi 


temperatures tem- 
(24 
transmitted by: 
Kalt.). Purified virus preparations were highly 
infective the ultraviolet 
light about Electron 
micrographs showed that the particles associated 
with the Idaho strain consisted of rods with modal 
about 683 14 Ms streak virus 
rods had a predominant size of 66014 my. The 
particles of the PO virus appeared to be spherical 
with a modal about 28 ma. 
\ntisera prepared from Wisconsin pea streak virus 
and the Idaho strain reacted positively with their 
homologous and heterologous viruses, showing their 
serological relationship. The antiserum ob- 
tained from the MS pea streak virus did not react 
with either of the former viruses although it did 
react homologously. The titers of the Wisconsin 
pea streak virus and the MS pea streak virus were 
2000. and that of Idaho 


peratures were 


and absorbed maximum 


at a wave length of 260 mu. 


size ol My. pea 


diameter measuring 


( lose 


determined to ; over | 


strain over 1/500. 
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int Disease 
R . 227 
10. S N ) Seasonal 
| I nematod 
" ition plots 
, 5 
STREAK-INCITING 

W. S. Kim and 
\ f Irom tie 
[In ~ Iwo py ent new streak- 
prod the MS treak virus from 
Mir PO vil New York. An 
otl ie i 1 1 Idaho = strain 
1\ strain of the Wis 
( n | PO Itts caused i 
pee {f diseased peas It was 
the o1 ed not limited in intectivity to 
legumil except that the Wisconsin pea 
streak ted tomato All 3 viruses were 
highly infect ) ill 16 pea varieties tested, but 
none of the } ean variette studied was suscep 
tible Phe isolate was inactivated after dilu 
tion of 10.000.000. heating at 78°C for 10 min 
utes, and tro tor days at room tem 
perature VIS pea streak virus was not inac- 
tivated diluted 1:10,.000.000, heated to 
64°C. and age 1 davs The PO virus was inac- 
tivated at a dilut of 1:1.000.000, at 66°C. and 
after aging 4 davs. Peas inoculated with anv of the 
viruses, developed symptoms more slowly at lower 
Linford ted the streak disease of pea 
(Pisum sat the United States, in 1928 
Similar diseases e since been found in several other 
parts of the world nd a number of viruses or virus 
strains have bee eported that are capable of causing 
streak symptoms pea Some examples of such 
viruses are pea streak virus 1 (27). Pisum virus 3 (1). 
Wisconsin pea streak virus > alfalfa mosaic viru 
(27). and « osa viru HH. 28 Though 
these reports , erved to indicate which viruses 


were capal ng pea streak symptoms in lim- 


ited geogray s. no comprehensive study of 
the causal viruse f pea streak diseases in the United 
States has eel ted The study reported here 
was undertake wide more proper identification 
of the viruses that e pea diseases with streak svm 
toms Pre I re rts have beer i ade (6 7 

METHODS AND 4TERIALS \ collection of 47 pea 
plants show t ymptoms was obt ined from 
many important rowing areas fro New York 
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supplied by \ Alu Re h Foundation 
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to the state of Washington. Expressed sap from these 
diseased specimens was rubbed on peas. beans, and 
other differential hosts. It was found that sap from 
about 20°) of the 47 plants did not produce visible 
symptoms on any of the inoculated hosts. presumably 
the not transmis 
were extremely unstable and did not survive 


he ause viruses were mechanically 
sible. or 
even a short period of freezing and storage. One or 
more viruses were readily obtained from the remaining 
BOC, 


virus 2. 


The most frequently associated virus was bean 
The 
groups on the basis of differential host reaction and 
symptomatology. Of these isolates, 45° resembled 
WPSV (Wisconsin pea streak virus). about 37% AMV 
(alfalfa and 10° CMV14 (cucumber 


mosak about 8°) were not assignable 


recovered isolates were placed in 5 


Virus) 


14): 


mosaic 


virus strain 


—> 


Fig. 1. Symptoms of pea streak on Pride-type peas in the 
fel 


d (A, ©) and Perfected Wales in the greenhouse (D, 
E). The upper portion of a healthy, field-grown Pride-type 
plant is shown in B. Note similarity of apical foliage 


chlorosis and necrosis ine ited by the Wisconsin pea streak 
(A) the Idaho isolate (C). Also, note foliage 
malformation and sever rosis caused by the MS 
pea streak virus (D) and the severe growing-point necrosis 
of PO-virus-infected plants (E) 


Virus and 


ve inal nec 
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results tall is | 
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str 


The | i stre 
disease 1 nul rn Idaho 
in 195 Vis é streaked 
pea pl thern M 1955 
The t PO. wa btained from Dr 
W.T.S \ York Agri i] Experiment 
Statio ( , H i | d it trom 
streak-disease that state Our re 
lt led e to 
provid I interesting 
virus t \\ s\ 


ind Walk t | 
plant i f t t W ) 

For tl I ( re grown 
1 con ( f I pots Plants 
were nocul i ly i lass spatula 
ilter Cal nd een sprinkled on the leaves 
The Perfect \ ea variety ised for most 
of the f hy properties were 
deter f ilar to described by 
Johnsor ( ept t te of aging in 
vitro were temperature of 22°C insteac¢ 


of 80O-90°] 


The viru ds (Macrosip! si Kalt. 


nsed in the ssion studies were originally 
obtained { n the | f t ot W onsin pea nursery 
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described I SKOT na Ha edortl LY 

serol te le alter the technique le- 
scribed Ma 

In all lertak especially the host 
inge. | 1 it ct-transmission tests 
critical t ver de to ensul that each 
individ i is ut a_ single 


norn ne 

EXxperim SULTS. —Sympt on pea.—In 
vculatio the fe with WPSY\ 
lirst f trie ! { Hets and duced chlo- 
rosis mn tf ive \ \ systemic 
sten developed tron tne hasal 
part o tions o plant. Mean 
while t f hnowed taint ein-clearing, 
ind the leaflet ed and wilted. and finally 
dropped off oweve remained green 
I i | hiied eeds. and fine 
row! f f ed he ods, giving 
them a} Inf ted | illy died 
ilthough cont I 1-B 

The sy Id » Is t pea in the 
field appeared like WPSV except 
that the latte: ewhat e severe symp 
toms than the I t 1 -( 

In the | » isolate on 
Perfected Wales pe ww to develop. requir 
an incubation per ( f 14 ys, | il symp 
toms were wilt { ted leaflets \ 
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TapLe 1.-Host range of 3 
with the 


pea streak viruses in COM parison 


W isconsir pea streak virus * 


WPS\ 15 MS PO 


( er arietinum ® U/6 U6 10 16 10 10 
(_rotalaria sper taduts 

Roth 25/32 22/22 0/16 16/16 
Lathyrus hirsutus L, 6/6 0/6 0/6 10/10 
Lathyrus odoratus | 0/10 0/10 10/10 10/10 
Lens esculenta Moench 0/10 10/10 0/10 10/10 
Lespedeza striata 

(Thunb.) H. & K. 0/12 0/12 0/12 — 
Lupinus albus L. 0/7 0/7 0/7 7/7 
Vedicago sativa L. 0/15 14/15 15/15 0/8 
Velilotus alba Desr. 80/83 23/23 23/23 0/32 
Phaseolus aureus Roxb. 0/27 0/27 0/29 0/30 
Phaseolus lunatus L. 0/8 0/10 0/17 0/1] 
Phaseolus vulgaris L. 0/24 0/23 0/26 0/2 
Pisum sativum L, 87/100 92/100 91/100 90/19 
Pisum sativum var. 

arvense Poir. 10/10 0/40 14/50 10/10 
Soja max (L.) Piper 25/33 0/12 0/27 0/26 
Trifolium hybridum L. 17/22 L/28 18/28 18/18 
Trifolium incarnatum L. 13/15 18/21 L./23 17/20 
Trifolium pratense L. 4/22 17/28 L/30 0/22 
Trifolium repens L. 3/29 0/34 20/34 0/25 
Vicia atropurpurea Dest 19 0/6 0/6 0/6 


15 
icia faba | 12 
icia sativa | 12 


0/40 4/12 3/23 


icia villosa Roth 6 


gna sinensis (L.) 


Endl. 0/28 0/35 10/48 10/24 
Cucumis sativus L. 0/21 0/24 0/24 0/15 
Capsicum annuum L. 0/6 0/6 0/6 1/16 
Datura stramonium L. 0/14 0/15 0/14 67 
Lycopersicum esculen- 

tum Mill. 7/32 0/32 0/32 L/20 
Vicotiana glutinosa L. 0/13 0/15 0/13 9/)2 
Vicotiana rustica L. 0/8 0/8 0/8 6/18 
Vicotiana tabacum L., 0/26 0/26 0/28 4/22 
Zinnia elegans Jacq 0/5 0/9 0/8 17/18 

»WPSV Wisconsin pea streak virus. 1-5 virus iso 


late from So. Idaho. MS virus isolate from Minnesota 
PO virus from New York 
Number of plants infected/number of plants inoculated, 
a virus latent. 


foliage fol 
Unlike symptoms in the field, the apical foli 


gradual upward wilting of uninoculated 


lowed. 


age did not wilt but remained green as the plant kept 
stunted. A sys 
part of the 


growing, and became severely 
streak developed 
stem upward to the distal ends 

slight often 


Stem streak became more pronounced with 


neve! 
b isal 
Faint 


temic from the 


vein-clearing 


and malformation was visible on upper 


foliage. 


time. and the color changed from steel-gray to copper- 


brown. 


Dark-brown oblong or irregular blotches ap- 
peared scattered over the older portions of a streaked 


stem. Infected plants remained alive for a long time. 
| 


it they seldom recovered to make normal growth. 


The streaking symptom was less significant than 
x when WPS\ 
} 


ereenhouse, but 


wiltin was inoculated on pea in the 


the characteristic node-browning was 


always visible. Infected plants were consider 


ilmost 
j , 


ably stunted and rarely produced the irregular blotches 


on the older portions of the stem 


The characteristic symptom of the 


MS virus isolate 
streaking on stem 


ind netioles. and an espe ially severe nec rosis of veins 


on peas was an extensive necroth 
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9 Varietal reaction of 16 pea varieties to 3 pea- 


— areal mctung viruses and the R isconsin pea streak 

% of infection of 20 plants 

inoculated with 

—— WPSV [5 MS PO 
Alaska 100 100 50 100 
Aisweet 100 100 75 100 
Dark skinned Pertection 100 100 10 100 
Early Perfection LOO 100 10 100 
Horal 100 50 25 65 
Large-seeded Perfection 100 50 50 65 
New Era 100 5x0 4) 75 
New Season 100 100 15 100 
New Wales 100 100 +) 100 
Perfected Wales 100 100 35 95 
Pride 100 100 85 65 
Resistant Surprise 100 100 5 100 
Superior 100 100 95 95 
Thomas Laxton 100 100 100 on 
Wando 100 100 5 90 
Wisconsin Perfection 100 100 15 100 


WPs\ Wisconsin pea streak virus. 1-5 virus 
late from So. Idaho. MS virus isolate from Minnesota. 
Po virus trom New York. 


ind veinlets (Fig. 1-D). Symptoms in the field and 
vreenliouse were very similar. The incubation period 
it 22°C was 10-14 days. Infection was first seen as 
1 curling-back of leaflets at the petiole-end. Mean 
while, severe stem streak developed. extending into 


oper foliage. The entire foliage turned chloroti 


? 
. rt 


if i 
ind was malformed, and the plant died prematurely 
When present, pods were discolored and showed ne 
pits on the surface. 


The PO virus was unique in its unmistakable incita 


crothe 


tion of a blight of the growing tip on peas and certain 
her leguminous plants. In the field. infected Pride 


yvne pea plants. in addition to this top necrosis, de 


veloped a systemic brown-purple streaking on stem 
and petioles. They died prematurely. In the green 
house diseased Perfected W ales pea plants rarel 


showed severe stem streak symptoms, and. except for 
the tip-blight. the remaining parts of stem and foliage 


appeared quite normal. although they carried the 


virus Leaflets near the blighted apex occasion illy 
developed faint hlorotic spots, espe iallvy when the 
temperature was low. Because of the tip-blight. in 


fected plants could not orow, but they remained alive 
for some time. until they eventually lost vigor as the 
dieback progressed down the stem Fig. 1-k 
Thirty-two members of the Legumino 
sae. Compositae. Cucurbitaceae. and Solanaceae were 
tested for susceptibility to the four viruses. The plant- 
ested and the results obtained are given in Table | 
None of the 8 ton-leguminous plants were suscep 
tible to the Idaho virus isolate or the MS pea streak 
Virus, Dut tomato ( Lycopersicun esculentum Mill 
was infected by WPSV. Fourteen of 24 legumes were 
susceptible to the WPSV. 10 to 1-5 and 12 to the MS 
treak virus: and 14 of 23 legumes to the PO virus 
In addition. the PO virus was infectious to 7 of 8 non- 


leguminous species tested. and in these tests was latent 


n tomato Iwo legumes. Beuntiful bean (Phaseolus 


vulgaris L.) and Chippewa soybean, (Soja max (L.) 
Piper) showed very faint local-lesion-like symptoms 
after inoculation with the PO virus, but the virus was 
not recovered therefrom. ; 

Some characteristic symptoms on other hosts.—The 
Idaho isolate caused marked stunting of diseased len- 
til (Lens esculenta L.) and alfalfa (Medicago sativa 
L.) plants. Leaves of such plants showed a systemic 
mottle. characterized in alfalfa by the formation of ir- 
regularly scattered small chlorotic rings. 

When chickpea (Cicer arietinum L.) plants were in- 
oculated with the MS virus a systemic streak devel- 
oped, with wilting and death following in a few days. 
Symptoms were similar on hairy vetch (Vicia villosa 
Roth.) plants inoculated with this virus, and a vein- 
clearing of leaves was also observed, soon after in- 
troduction of the virus into this host. 

Varietal reaction in pea and bean.—The varietal 
reaction of 16 pea varieties to the four viruses was 
studied in the greenhouse. Since the results were 
similar in 2 separate trials, the data are combined in 
Table = 

The control virus, WPSV, infected 100°, of the 


TABLE ;. Physica properties of the Idaho virus isolate, 
the MS pea streak virus, and the PO virus in com 
parison with the I isconsin pea streak virus 


Property studied WPs\ 1-5 Ms PO 
lolerance to dilution 
0 10) 30 40 30 
10 -? () 28 29 30 
10-4 21 1] 23 21 
lO 4 13 6 { 5 
10 2 6 10 2 
1O- 6 } } 6 0 
19-4 0 0 0 0 
Thermal inactivation 
control () 0) 30) 0 
 ( x) 0 29 27 
38 28 0) 29 21 
64 28 0) 26 15 
62 28 0) | 13 
64 28 27 0) ] 
66 25 9) 0 0 
68 15 4 0) 0 
70 6 6 0 0 
72 ll 16 0) 0 
74 1] 13 0 0 
76 8 6 0 0 
78 ) 0 0 0 
80 0 0 0 
Aging in {ro 
0 day 20 20 20 20 
] 20 20 20 20 
2 16 2 20 9 
| l 2 0 0 
7 7 0) 0 0 
10 6 0 0 0 
20 ] 0 0 0 
10) ] 0 0 0 
10 ] 0 0 0 
50 ] 0 0 0 


60 0 0 0 0 


‘Number of plants diseased out of 30 plants inoculated 
in 3 trials. 

> Number of plants diseased out of 20 plants inoculated 
in 2 trials, 


wo By 


“> 
? 
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The results are summarized in Table 4. 
With \W PS\ not a single infection was obtained mn 
ill the transmission series. whereas 1-5 and PO showed 


i high degree ot transmission. VIS showed maxXximup 


nfectivity (12 at the acquisition feeding period of 
24-30 hours 

Ultraviolet light absorption tests Partial purifies. 
on of the viruses was performed by processing the 


sap of infected pea tissue in 0.01.M sodium phosphate 
iffer solutions with pH 7.0 and centrifuging at sey 
f low and high spee 1m a Spinco ultra. 
centrituge Phe purihed virus was divided into 
aliquots—one to test ultraviolet light absorption, one 
for studying electron microscopy and one tor infe 
tivity tests The Beckman DI model spectrophotom 
eter was used to determine the iltraviolet light absorp 
tion of the preparations. When these partially purified 
viruses were tested for infectivity on healthy peas, the 
lilution end points were similar to those shown ir 
Table 3 for unpurified sap 

Table 5 presents the results obtained when optica 
lensity studies were made by determining ultraviolet 
light absorption of diluted preparations of the par- 
tially purified viruses. 1-5. MS. and PO all showed 
ibsorption peaks at the 262-myu wave length. whereas 
‘ peak for WPSV was at 260 mu 

These results indicate the presence of at least mod 
erate amounts of virus in the diseased or infective say 
preparations. and also suggest that the viruses contain 
fair amounts of nucleic acid 

Klectron microse Opy. For electron micros OpV. par 
tially purified viruses were mounted on 200-mesh wire 
vrids that had been previously covered with a collodion 
membrane. Grids were shadowcast with uranium and 
examined under an RCA electron microscope. Healthy 
control pea tissue was processed in exactly the same 
manner as diseased tissue. With these preparations, 
the morphology of the associated particles was sue- 
cessfully demonstrated under the electron microscope 
The figures to follow. representing the sizes of virus 
particles, are the means calculated from 100 measure- 
ments of random virus particles. The particles of 
WPSV appeared heterogeneous. varying from short 
rods to long. flexuous fibers and showing a tendency 
for end-to-end union (20 The modal size was abou 
14*531 mu (Fig. 2-B 

1-5 appeared under the electron mi roscope as rods 


f more uniform length. predominantly 14683 mp 


BLI } Pea mhid-tTansmitssior fests citl the HR isconsu 
pea strea irus. the Idaho rus isolate. the MS pea 
streak vit he PO 
\cquisition Per cent of infection 


eding period = WPS\ 5 Ms PO 


i =f | mn 2 12 
n 0) min ) } 2 > 

0) in.-60 min (0) 12 10 54 
O0 90 ! ) 62 0 32 
94 hr30 hr ( }? 12 ot 
Per cent of plants fected among 50 treated wit 
phids, 5 per plant, that were allowed to feed for 24 hours 
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Taste 5.—Ultra-violet light absorption determinations of 3 
streak-inciting viruses Of pea in comparison wuh the 


Bisconsin pea streak virus * 


Wave length Optical density 


WPs\ 1-5 Ms PO 
230 400 265 223 464 
240 165 165 99 291 
245 154* 152 083 .260 
950 159 163 .087 .228* 
952 162 166 090 230 
95 .164 172 096 232 
256 165 176 095 23 
258 166 182 098 .236 
260 mS aie 18 099 240 
262 165 187 .100** 2°" 
264 163 186 099 297 
266 162 185 098 229 
268 160 182 096 221 
270 150 179 095 216 
280 .126 138 077 188 
290 O84 O70 040 15] 
500 O44 040 020 116 
*WPS\ Wisconsin pea streak virus. 1-5 virus 


isolate from So. Idaho. MS virus isolate from Minnesota. 


PO virus from New York. 

Difference in optical density readings of diseased tissue 
minus healthy tissue preparations. 

*Minimum absorption; **maximum absorption. 


(Fig. 2-( 

The particles of MS looked more or less similar to 
those of 1-5; thev also were homogeneous rods, with 
modal size 14660 mp (Fig. 2-D). 

PO particles were somewhat spherical, predominant- 
ly about 28 my in diameter (Fig. 2-E). 

Healthy pea tissue was processed exactly as was 
diseased tissue. Nod-shaped particles and relatively 
large spherical particles were not observed in these 
preparations. However, small spherical particles were 
observed measuring about 10 my in diameter. which 
might possibly be normal protein particles (Fig. 2-A). 
This preparation was not infectious to pea. 

Serology.-—Antisera of WPSV, I-5, and MS were 
prepared to test the interrelationship of the viruses. 
Both slide and tube tests were conducted. WPSV and 
1-5 reacted positively with the recipro al and homolo- 
gous antisera. but not with the antiserum of MS. MS 


did not rea 


t positivély with either of the antisera 
prepared from the other two viruses in any of the 
dilutions from 14 to 1/2048, although it reacted strong- 
ly with the homologous antiserum series. W ith homolo- 
gous antisera the titers of both WPSV and MS were 
over 1/2000, and that of I-5 over 1/500. 

On the basis of these serological tests (and other 
data 1-5 could sell he considered a new strain of 
WPSV. and MS different from the other two viruses 

Cross-protection tests.—Protective inoculation ex- 
periments were conducted to obtain information on the 
possible relationship of PO to cucumber mosaic virus 

When the PO virus was inoculated on zinnia (Zin 


egans Jacq.) it incited systemic mottle. Price's 


Serology was conducted with the kind assistance of Dr. 
Carl Wetter, Kellogg Foundation Fellow from the Biolo- 


gische Bundesansta a Braunschweig. Cermany. 


CMV strain No. 6 has been reported to cause local 
lesions on the same host plant. When zinnia leaves, 
which had been inoculated with PO virus and devel- 
oped a systemic mottle, were cross-inoculated with 
Price’s virus, it was found that the PO virus did not 
protect against infection by Price’s virus and necrotic 
symptoms developed. Tests on 7 zinnia plants gave 
similar results, indicating no relationship between 
these 2 viruses. 

Discussion.—The experimental data presented are 
believed sufficient to characterize the pea-streak-in- 
citing viruses 1-5, MS, and PO. 

The data obtained in these studies with the WPSV 
agree quite well with those previously reported by 
Hagedorn and associates (3, 19, 20). The two main 
differences were that tomato was here found to be a 
suscept of the virus, and that the thermal inactivation 
point obtained in these later studies was unaccount- 
ably high. These results have been taken into con- 
sideration in the following discussion. 

The new Idaho strain of the Wisconsin pea streak 
virus resembles the original virus described by Hage- 
dorn and Walker (3) in symptoms on peas, physical 
properties, and rod-shaped particles. The strong 
reaction of these two viruses in reciprocal antisera is 
added evidence that they are closely related. However, 
the Idaho strain differs from WPSV in several ways, 
the striking differences being aging in vitro (the Idaho 
virus was inactivated within a week while the other 
lasted as long as 60 days) and pea aphid transmissi- 
bility (the Idaho strain was transmitted readily). 
Some differences were observed in host range among 
the legumes. but these may well be resolved in further 
experiments. 

The Idaho virus strain can be differentiated from 
Zaumeyer’s pea streak virus 1 (27) by its more stable 
physical properties and symptoms on pea and other 
hosts, and from Chamberlain’s Pisum virus 3 (1) by 
its ability to infect alfalfa (Medicago sativa L.) 
n legumes, and transmissibility by 


limited host range 
pea aphids. The white sweetclover virus (15, 31) can- 
not be the same virus as the Idaho strain of WPSV, 
since the former caused mottle on pea, attacked bean 
(Phaseolus vulgaris 1..), and was extremely unstable 
in vitro. The Idaho strain is also excluded from the 
white clover virus or its component viruses, the pea 
mottle and the pea wilt virus (4, 14, 31) by its in- 
ability to attack white clover (Trifolium repens L.) 
and beans, its symptoms on peas, and its higher in- 
activation points by temperature and dilution. It could 
also be differentiated from the broad bean local lesion 
virus (13) and the red clover vein-mosaic virus (2) 
by its very faint mottle on red clover (Trifolium pra- 
tense L.). ability to infect alfalfa, and much greater 
stability in vitro, 

The new Idaho strain is readily distinguished from 
AMV and CMV by having a narrower host range, in 
being more stable in vitro, and by the shape and size 
of the virus particles. None of these previously re- 
ported (16, 18) virus particles were long rigid rods, 

The Idaho WPSV strain can also be differentiated 
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from other pea-necrosis-inciting viruses like the pine 


apple yellow-spot virus (9) or tomato spotted-wilt 


virus (12, 17), tobacco ringspot virus (21, 22), bean 
red node virus (Zs). and pea mosaic virus 9 (29) by 


symptoms on pea, host range. insect transmissibility, 
and physical properties. 

The MS pea streak virus appears to be a new streak 
virus. for it is different in many ways from the streak- 
inciting viruses previously described. A few clear-cut 
contrasting points are emphasized below. 

The MS pea streak virus differs from pea streak 


) 
virus I t2i 


physical properties. It is different from the Pisum 


) in symptoms on peas, host range, and 


in greater stability in vitro, restricted host 


by 


virus 3 | | 
range (strictly intra-legume), and transmissibility 
the pea aphid It did not react with antisera prepared 
with the WPSV virus or its Idaho strain, and vice 
versd 

Since the MS pea streak virus produces no symp- 
toms or only very faint symptoms on the 4 species of 
clover plants tested, it would be easy to differentiate 
this virus from clover viruses. Host ranges, symptoms, 
physical properties, and insect transmissibility of the 
new virus differ widely from other streak-inciting 


>). tobacco 


oc 


viruses like tomato spotted-wilt virus (17, 


ringspot virus (22), bean red node virus (23), and 


pea mosaic virus 5 (29), 

Because the host range of the pea streak virus is 
limited to legumes and the particles are long and rod 
shaped, it can be eliminated from a possible relation 
ship to AMV and CMV. 

The new PO virus is unique in symptoms on many 
legumes. Except in alsike clover (Trifolium hybridum 
L.). crimson clover (Trifolium incarnatum L.), and 
white lupine (Lupinus albus | it caused primarily 
a characteristic top necrosis on all the susceptible 
leguminous plants tested. The virus is clearly differ- 
entiated from other streak-causing viruses by this tip 
blight symptom, wider host range, ease of pea aphid 
transmission, and the spherical shape of the virus 
particles 

The PO virus may well be distinguished from AM\ 


Gm 4, 0) because the latter has a wider host range, 


produces distinctly different symptoms on legumes and 


other hosts, and has a different virus particle mor 
phology 

The PO virus particles appeal to be spherical. \ 
similar shape has been claimed for strains of CMV 
18 However. mottled zinnia leaves infected with 
the PO virus isolate were not protected against 
necrotic development upon inculation with Price's 
<——_ 

Fig. a Electron micrographs pea streak-inciting 
viruses, A) Small, spherical, presumably normal protein 
particles from healthy pea tissue preparations (53,000). 
B) Particles of Wisconsin pea streak virus (53.000). Cc) 
The more homogeneous rod-shaped particles of the Idaho 

ite (40,006) ; note similarity to B. D) Rod-like par- 


ticles from MS-diseased pea plants (40,000). E) Roughly 
spherical parti les from PO-infe ted peas ( x 65,000) . The 
large, white bodies ar polystyrene “balls.” Note the pres- 
ence of tiny, spherical bodies believed to be normal protein 
particles in all of the electron micrographs 
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No. 6 strain of cucumber mosaic virus, suggesting that 
the PO virus is not immunologically related to the 


cucumber mosaic virus 


Similar properties of the PO virus mentioned above 
may also eliminate the possible relationship of this 


new virus isolate to clover mosaic and other viruses. 


It is significant to note that WPSV, or strains of this 
virus such as the Idaho strain, appear to be more 
widespread in geographical distribution than has here- 
tofore been established. The existence of this destruc- 
tive virus in at least one important pea-growing area 
of the West may well be noteworthy, especially to 
those involved in the development of new pea varieties 
for production there and in the Midwest. 


DEPARTMENTS OF AGRONOMY AND PLANT PATHOLOGY 
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BIOLOGY AND CONTROL OF THE STEM NEMATODE, DITYLENCHUS DIPSACI! 
, 
K. R. Barker and J. N. Sasser 
SUMMARY 
. Host conducted for 2 North Necrosis appeared in resistant plants, suggesting 
. Cal t the falfa stem nematode a hypersensitive reaction. On Wando garden pea, 
| Dityler ~ix plant species and varieties |] North Carolina population multiplied extensively, 
\ | tible Oo si htly susceptible " . . 
} a whereas the other induced necrosis and did not 
ca) re nighty resistant Ol 1Os 1 
reproduce. The optimum air temperature for the 
aiftiere : \ hn 4 iroli a pop ilations Irom 
’ Tee { ‘ \ | j Fuller’ North Carolina populations of the nematode was 
il i / rear evada aiid a ul _ . . . ° 
( < o ’ < > > , vo e. 
' sonal we mm Washington were compared °F. High moisture favored infection and re 
) ; Flin teas ' » did not re production. No morphological differences were 
produce | the alfalfa strains did not found in the strains, but the teasel strain was gen- 
' eenrodiuce The Nevada alfalfa popula erally larger. An experimental nematocide, 0,0- 
’ tion al the Wake County popula diethyl-0-2-pyrazinvl phosphorothioate, eliminated 
‘ tion it duced on garden pea. the nematode under controlled conditions, 
’ 
The ste emat | ise of alfalfa. Medicago to alfalfa, rye, oats, peas, red clover, and other crops, 
ie ‘ 
sat Ditylenchus dipsacit (Kiihn, and are identified on the basis of the specific host 
1857) | f The nematode was first reaction. Races present in the United States attack 
described Kui m Fuller’s teasel, Dipsacus alfalfa. red clover, rye. onion, teasel, phlox, tulip, 
fullonum L. Si itodes believed to be D. narcissus, gladiolus, and many other plants. The 
dipsaci have be 1 infecting a t 375 different disease appears most important on alfalfa and red 
. plant specie | The pathogen was first observed clover, however. The nematode has been a serious pest 
in the United Stat Bessey, in 1907 (11 Allison on alfalfa in several of the Western States for a num- 
was the first erve | nematode infecting ber of years, causing severe losses in Nevada ane 
| f N 1 1 
alfalfa in North ¢ 1 (Harnett County). Since California. Populations of stem nematode on alfalfa 
then, it eC ed ilfalfa 12 additional have recently been observed in Virginia and North 
counties Carolina. where the nematode is posing a serious threat 
The sneci lle i webs of bin to the production of alfalfa in the Piedmont and 
logical races { the proper taxonomic etetue Mountain counties, 
has not bee ‘ ‘ iblished iy ill cases (4 Measures for controlling the stem nematode depend 
P Some current i tor mainta that there are primarily on proper rotation programs, cultural prac- 
no morvholo r —— these races tices. clean seed, and resistant varieties. Considerable 
(Personal Co PW Sctnhaca whereas effort has gone into breeding resistant varieties of 
others (19. ] sliewe that there are culicient diffe: alfalfa. oats, red clover. and other crops attacked by 
; ences for some of 1 ces to he designated as distinct the pathogen. Unfortunately, the resistant varieties 
species. In Euro ' races are very destructive so far developed are not equally resistant to all pop 
ilations of the nematode. Smith (15) reported that 
v ‘ r ° 
‘ a resistant variety of alfalfa was more resistant to 
evepted | put Ay 20) 959 “a0. 0 . es one , 
or some “biological races” than to others. The alfalfa 
Contribution f1 I t of Plant Pathology, North : ; . 
Pilien in nag tee R . io variety Lahontan was reported highly resistant in 
uv ‘ - ‘ A} i i illo} \ cl tl, uve 7 
Mahed with thi - f the Director of Research as Nevada (16), but only moderately resistant in North 
Paper No. 1014 : Seri Carolina (2). 
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seve! | inse ticides and nemator ides have also been 


used in recent vears in attempts to control the stem 


nematodes. and success has been obtained in limited 
experiments (3. 8). 

Because ol the lack of adequate contro] measures 
and the increasing importance of the stem nematode 
on alfalfa. these investigations were initiated with 
the following objectives: 1) to determine the host 
range of 2 North Carolina populations of the nema 
tode; 2) to compare host specificity and morphology 
of 4 populations of the species; 3) to develop tech- 
niques for rapid evaluation of alfalfa breeding lines 


for resistance; 4) to study the histopathlogical devel- 


opment in resistant and susceptible plants inoculated 
with 2 populations of the nematode; and 5) to evalu- 
ate some chemical methods of control. 

MATERIALS AND METHODS.—Source and maintenance 
of populations. Three populations of the stem nema- 
tode from alfalfa and one population from Fuller's 
teasel were used in these investigations. Two of the 
alfalfa populations were collected from infested al 
falfa fields in North Carolina——-one on the N. C. State 
Colleze Dairy Farm (Wake County) and the other 
from plots on the Mountain Research Station, Waynes- 
ville (Haywood County). The third alfalfa popula 
tion was obtained from Dr. O. F. Smith, Reno. Ne 
vada. The population from Fuller's teasel was fur 
nished by Mr. W. D. Courtney. Puyallup. Washington 
The alfalfa populations from Nevada and Wake 
County were propagated on Atlantic alfalfa, Wando 
garden peas. Pisum sativum L., and Lee soy. ean 
Glycine max. (L.) Merr. The Haywood County poy 
ulation was maintained on Atlantic alfalfa and Lee 
soybean. The teasel population was increased on 
Fuller's teasel. All experiments, unless otherwise 
indicated, were conducted in a controlled temperature 
room at 65°F. Fluorescent light provided sufficient 
illumination for plant growth. 

Preparation of inoculum.—Infected plants were 
washed. dried. and stored a month or longer before 
the nematodes were extracted. The washing and dry- 
ing reduced the number of a saprophagus nematode, 
Panagrolaimus rigidus (Schn. 1866) Thorne 1937, 
and certain bacteria that were often present in plants 
infected with the stem nematode. Seinhorst’s extrac- 
tion technique (7) was modified and used in obtaining 
large quantities of inoculum. Infected plants were 
placed on a 100-mesh sieve (8 in. in diameter) sup 
ported over an open container. The bottom of the 
sieve was covered with Scotties facial tissue paper to 
reduce the amount of debris going through the sieve. 
{ continuous fine mist of water was sprayed on the 
plants by a cone nozzle (Steinen 1.35, 80°H). Most 
of the nematodes emerged from the plants within 
24-36 hours. passed through the sieve. and settled 
to the bottom of the container. The continuous fine 
mist of water resulted in a high rate of recovery of 

live nematodes 
[he extracted nematodes were concentrated by 
pouring the suspension onto a 325-mesh sieve. Debris 
was removed by allowing the nematodes to pass 


through Baermann funnels. The nematodes were 
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drawn from the funnels and filtered out on filter 
paper (9 cm diameter). The filter papers containing 
the nematodes were allowed to dry at room temper- 
ature, placed in Petri dishes, and stored in a refriger- 
ator at 1-4°C. Under these conditions, adult nema- 
todes died within a few weeks but the larvae remained 
in a quiescent state for a long time. With these 
techniques, large quantities of inoculum could be 
collected and stored for availability at all times. 
Stored inoculum was prepared for inoculation by 
placing pieces of filter paper containing the nema- 
todes in a beaker of water. In a short time the nema- 
todes became active and ready for use. The approxi- 
mate concentration of active nematodes in the sus- 
pension was determined by measuring out 2-ml aliquots 
with a 25-ml pipette and counting the nematodes 
under a dissecting microscope. The suspensions were 
diluted for inoculation to a concentration of about 
100 active nematodes per ml. When small amounts of 
inoculum were needed, the Baermann-funnel technique 
(7) was used for extracting nematodes directly from 
infected plants. 

Inoculation procedures.—The method of inoculation 
used consisted of direct application of a suspension of 
nematodes to the seed of the test plants at the time 
of seeding. In the host range and “strain differential” 
experiments and in all inoculations after seeding, 
about 100 active nematodes were used per seed or 
plant. For all other tests, about 30 nematodes per 
seed were used, Test plants were grown in 4-in. clay 
pots filled with soil, with about ',—-'4 in. of sand 
over the surface. The soil was steam-sterilized and 
saturated with water, and the seed was placed about 
14 in. below the surface of the sand. The suspension 
of nematodes was placed directly on the seed with a 
medicine dropper. and the seeds were immediately 
covered with a thin layer of sand. A thin layer of 
soil was then added to keep the sand moist and to pre- 
vent the seeds from being washed out of the sand 
during watering. The pots were watered daily for 
t-5 days to ensure a high per cent of infection. 

issay techniques.-Two techniques were used in 
assaying plants for infection and nematode reproduc- 
tion. Young seedlings were examined 2-3 weeks after 
planting. The nematodes were stained by boiling the 
plants for 4-5 minutes in cotton-blue—lactophenol 
(7). After staining and clearing, the plants were 
crushed between two glass slides, and counts were 
made under a dissecting microscope. Older plants 
were examined 5-6 weeks after planting. The tissue 
was teased into small pieces and placed in Baermann 
funnels. The nematodes were drawn off about 6 hours 
after the material was placed in the funnels. The 
suspensions were poured into transparent plastic 
dishes. and the number of nematodes determined 
under a dissecting microscope. Parallel guide lines 
etched on the bottom of the dishes facilitated counting. 
Dilutions were made when samples appeared to con- 
tain more than 200 nematodes. 

Host-range studies.—Thirty-six plant species and 
varieties were tested to determine their susceptibility 
to the Wake and Haywood County populations of 


Ee 
<9 





“2s = — 


~~. 


~ 


<5 


“we aor F...- 





666 PHYTOPATHOLOGY 


piants in 
irolina that 


weeds that 


might t le, certall 

have f 1 crop plants that 
might prog 

Diflere ] itions f h reaction 

Nine pia ested Dy oe orst 14), were 
used a I p s were: teasel, 
ilfalfa t / / } pratense 
| | Irish potals 
(Solanur daffodil Varcissus sp. 3 
hyacit hi d tulip (Tuli 
pa gesne \ltall po tations trom Wake 


orth Carolina, and 


Ne =f | latior Irom 


from Wash 
ingtot! 

Re | re resistant and 
suscept f f ere studied in 2 susceptible 
varietir Dul 1 Atlant esistant variety, 
Lahonta lerived trom a cross ot 
DuPuit 1 a polyeross line selected 
iron i! t¢ wing I i nie sted field 
The backer eeds were furnished by 


H S. D. A. Eight-inch clay 


pots 


filled wit { soil were divided radially 
into oO st seed | a different variety 
or line f | ilum used 


population, 


consist \ sua id were taken 
18 day ’ | the plants were assigned 
numbet tified subsequent 
issd 


H $7 fected ill a il 1 garden 


pea s formalin—alco 
hol—acet ) Plants were selected for 
hxin ting lhe 
killed i tertiary 
buts t edded n 
tissue é nted with 
Ha - ‘ s were 
staine 
( } 

tocide Ne -3-chlor pre e) and 
in ex] ( \, 133 (00 
diethy|-( I horothioate n controlling 
the sten est ite¢ | Ui materials 
were sed it different rates and with 
various a] Table 3 

Inoculur ! \ opulation was used 
in this st I t x per ent, the nematode 
inoculun t dosage i the chemicals 
(2, 4, ana ( \ f Ne igo ind 4, 8, and 16 
lb./A. of 18 ed at the time of seeding 
In a second ex e inoculun applied 1] 
week arter eed the chemicals at time of see | 
ing. In a third exp: t. both the inoculum and the 
chemical we Dy veek eeding. In the 
fourth experiment nocu ipplied at time 
of seedi | week after seeding. lh 
the latter ePxne miv the highest rates of the 
chemicals \ l./A. of 18133. In experi 


ments | ar t S we ipplied at time of 


[ Vol. 44 


seeding and mixed uniformly with the soil mass, |, 
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Resutts._Host-range studies.—Thirty-six plant spe 
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basis of infection and reproduction during a period 
of 6 weeks. These 


for nematode reproduction, with an average of oye 
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groups were: 1) plants susceptib} 
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highly resistant plants, in whid 
alfalfa 


bean, and Le 


production; and 4) 
no infection was observed, Three varieties 
(Atlantic, Buffalo, Du Puits), Wade 
soybean were the most susceptible hosts to the Wak 
and Haywood County populations of the stem nema 
tode (Table 3. 
host for the 

excellent host for the Wake County population, This 


Garden pea proved to be a very poor 


Haywood County population but 
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| mass, lr wertant taxonomic characters. enough to kill the plants. Very little necrosis appeared 
mixed onl Resistance studies.—The degree of resistance o1 in any of the plants at 75°F. Little reproduction 

_veceptibility of several varieties and selections of occurred in plants in which necrosis appeared early 
plant Spe. sIalfa was determined in the resistance experiments (Table 2). The backcross of Lahontan & Du Puits 
IPS On the rhe plants were classified on the basis of plant re had some resistant plants, but the percentage was much 
: @ perieg on to infection by the nematode. These classes — lower than in Lahontan. Very little necrosis was 
susceptible were: 1) plants with slight swellings and necrotic apparent in the polycross of the field selections 18 
ze Of ove spots: 2) plants with typical swe llings and no necro davs after planting. Although the rate of infection in 
ly Suscep. ic. and 3) plants with no apparent symptoms of — the polycross was high, the rate of reproduction was 
r less pe nfection. The early appearance of necrosis was usually lower than in the susceptible varieties. 
£; 3) re limited to the resistant varieties and lines. Large \ high percentage of the plants in all varieties and 
ut no re wellings without necrosis were associated with sus- lines reacted to infection with typical swellings and no 
In whie} eptibility. Plants with no symptoms were us rally necrosis. In all cases, the rate of reproduction was 
Varieties not infected much greater than in plants of the same variety that 
and Le [he necrotic reaction first appeared in resistant exhibited necrosis. At 75°F there was no reproduction 
the Wak plants around the area where the nematodes were most in the variety Lahontan, whereas build-up of the 
em nema concentrated, often spreading over the cotyledons and nematode populations was considerable in the sus- 
VeTy poor tem. In some cases at 65°F. the reaction was severe ceptible varieties Several plants in all varieties had 
| but ay 
on, This Taste 1.—Susceptibility of various plant species and varieties to populations of Ditylenchus dipsact from 2 counties in 
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population ot Ditvlenchus dipsaci 


plants Nematodes per plant 
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rosis * Swelling Necrosis Swelling Necrosis 
2.0 7.A 5.0 59.0 14.0 
2.9 8.7 0.3 1269.0 0.3 
0 15.0 89.0 

0 13.7 1027.0 

0 11.5 732.0 


vith resistance. 
with necrosis varied. 


reaction, 


parent in susceptible plants (Fig. 1). 


Chemical control.—I\n nematocide experiments, the 


experimental material No, 18133 gave excellent cop. 
the at all rates used and times of 
application tested (Table 3 It 
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TaBLe 3. Effects of 2 nematocides in controlling the Wake County population of Ditylenchus dipsaci on alfalfa (variety 


{tlantic) 


Time ot 
Chemical applied Rate/A application 
Expt. mate rial 18133 1 Ib. at seeding 
Expt. material 18133 8 lb. at seeding 
Expt. material 18133 16 Ib. at seeding 
Nemagon 2 gal. at seeding 
Nemagon + gal. at seeding 
Nemagon 6 gal. at seeding 
( hec k 
Expt. mate rial 18133 16 lb at seeding 
Nemagon 6 gal. at seeding 
{ heck . 
Expt. material 18133 16 Ib 1 week after seeding 
Nemagon 6 gal. 1 week after seeding 
( he« k 
Expt. material i8133 16 |b l week after seeding 
Nemagon 6 gal. 1 week after seeding 
( heck 


Mean of 6 plants. 


rotation would seem desirable. since some reproduc- 
tion occurred in resistant varieties. The continued use 
of resistant varieties might tend to favor the develop- 
ment of more specialized populations of the nematode 
The studies on differentiation of populations by host 
reaction showed striking differences in host specificity 
between the alfalfa and teasel populations and within 
the alfalfa populations. The alfalfa populations would 
net reproduce on Fuller's teasel, and nematodes from 
teasel failed to reproduce on alfalfa. Garden pea 
proved an excellent host for differentiating the Wake 
County and Haywood County populations. These 
populations apparently have a different ancestral his- 
torv that could account for the host difference. Differ 
ences in the pathogenicity of these 2 populations on 
resistant varieties might show up under field condi- 
tions. The Nevada alfalfa population appeared similar 
to the Wake County population in that it also repro 
duced on garden pea, though it appeared less virulent 

Inoculated with the Wake County population, the 
variety Lahontan did not exhibit the degree of resist 
ance that Smith (16) observed in this variety In tests 
with Nevada populations of the nematode. The dif. 
ference in susceptibility might be due to physiological 
differences in the nematode populations at the 2 loca- 
tions, or possibly to the different environmental condi- 
tions under which the tests were conducted. The same 
factors may also explain Allison’s (2) findings that 
the same variety was only moderately resistant to the 
Haywood County population. 

The techniques developed for testing the degree of 
resistance of alfalfa varieties under controlled condi- 
tions may assist resistance breeding programs con- 
siderably. Plants with the highest degree of resistance 
developed necrotic spots when infected by the nema- 
tode and could be selected and increased in the green- 
house. The necrosis or browning apparently developed 
as a result of a hypersensitive reaction. Few nema- 
todes were found in the necrotic areas. These nema- 
todes were smaller than those in non-necrotic tissue 
After 3-6 weeks, many of the nematodes in the resist- 


Nematodes per plant * 
Time of 3 weeks 6 weeks 
inoculation after planting after planting 


at seeding 0 0 
at seeding 0 0 
at seeding 0 0 
at seeding 11.0 85.0 
at seeding 8.2 16.7 
at seeding 7.9 50.0 
at seeding 14.8 185.3 
1 week after seeding 0.6 0 
1 week after seeding 1.8 8.7 
1 week after seeding 7.0 21.7 
1 week after seeding 0 0 
1 week after seeding 5.6 10.0 
1 week after seeding 535 20.1 
at seeding 65 O05 
at seeding 15.0 91.7 
at seeding 15.2 132.1 


ant plants had died. The necrosis appeared to be very 
similar to the reaction described by Dijkstra (5) on 
resistant red clover seedlings. Susceptible seedlings. 
including all plants with large swellings and little or 
no necrosis, could be discarded. This practice would 
be superior to planting all the seed in field plots and 
harvesting the seed from all the plants. The plants 
without symptoms of infection might also be discarded 
since the majority of these plants would be escapes. 
The percentage of such plants was about the same in 
all varieties. Dijkstra (5) and other investigators, in 
similar breeding and selection programs, considered 
symptomless plants in red clover to be escapes, and 
discarded them from their breeding programs. 

The histological investigations showed that, before 
visible necrosis appeared, some type of reaction oc- 
curred in the resistant plants that caused the infected 
areas to stain with safranin. The necrosis or hypersen- 
sitive reaction was the result of an interaction between 
the nematodes and the host plant. 

The possibility of chemical control of the stem 
nematode appeared quite promising. The experimental 
material. 0,0-diethyl-0-2-pyrazinyl phosphorothioate, 
gave perfect control when applied at the time of seed- 
ing at a rate equivalent to 4 lb. per acre. It killed the 
nematodes when applied to the soil 1 week after 
inoculation, indicating that it was systemic in action. 
Henderson and Williams (8) were able to obtain good 
control of the stem nematode in field experiments 
when they used parathion at 5 lb. per acre. Since the 
experimental nematocide used in this study is also an 
organic phosphate, it may be effective under field con- 
ditions also. The fact that the material is an organic 
phosphate might limit its use if toxic residues remain 
in the plants. More information would be needed 
relative to toxic residues before it could be used on a 


commercial basis 
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This study was conducted to determine the 


1 solution cultures. 


identity 
ind numbers of pathogens causing root rot of grape- 


vines in California, to assess their pathogenicity under 
reproducible standard conditions, and to explore the 


effect of nutrition and rootstock variety on the decay. 


t S AND ETHODS rious techniques were 
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ised to obtain representative samples of pathogeni 


fungi from naturally infested soils. Isolations were 
made at various times throughout the growing season 
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Spot widely 
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Soil samples collected at various depths around indi 
vidual vines were mixed and used for growing young 
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ised to assay for fungus population by the soil dilution 
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1.—Frequency of isolation and identity of fungi 


TABLE ; 
irom the rhizosphere of grapevines grown in naturally 


inte sted soil 


Per cent 
frequency 


Number of pure 


Fungi isolate?! cultures obtained 
td ae 


Botrytis 3 0.26 
Chetomium l 0.09 
Cylindrocarpon 1] 0.97 
Dactylium 5s 0.35 
Fusarium 150 13.26 
Vucor 16 1.4] 
Nigrospora 3 0.26 
Papularia 10 0.88 
Penicillium l 0.09 
Phytophthora 364 32.18 
Pythium 295 26.08 
Rhizoctonia 135 11.94 
Stemphylium 5 0.44 
Trichoderma viridis y 0.80 
Unidentified spp. 124 10.96 


technique, or they were placed in apples for the isola- 
tion of pythiaceous fungi according to the technique of 
Campbell (3). Grapevine roots showing evident 
cankers were plated on water agar, to which, in some 
eases. the antibiotic novobiocin had been added in the 
amount recommended by Butler and Hine (2). Freshly 
collected roots were plated directly in the vineyard. 
Fungus cultures were purified by single hyphal tips, 
and the genus was identified by means of the keys of 
Barnett (1) and Gilman (6). Identification of Pythium 
species was made according to the method and key of 
Middleton (11). 

Pathogenicity potentials for each fungus were pro- 
gressively established, at first retaining only those 
fungi that caused damping off or root decay in young 
seedlings. These fungi were then tested on larger 
vines in pasteurized soil. In these experiments patho- 
genicity was evaluated by comparing the growth of 
inoculated vines with that of controls, and by estimat- 
ing root decay visually. Fungi showing some degree of 
pathogenicity were used for field inoculations or in 
In the latter tests the effect 
of root-rotting fungi on grapevines was evaluated by 


sand-culture experiments. 


rating decay on an arbitrary scale and by measuring 
The net 
increase in green weight for each individual vine was 
determined by subtracting the weight of the cutting 
at planting time from the fresh weight of the vine at 


the growth reduction of inoculated plants. 


the end of the experiment, 
4 6-week-old 


grapevine seedlings of the Tokay variety were con- 


Preliminary pathogenicity tests on 
ducted as follows: the seedlings were individually 
transplanted from vermiculite flats into pasteurized 
soil in 10-0z. paper cups, and a mat of fungus was cut 
into small pieces and mixed with the soil in each cup 
at transplanting time. Fungus colonies 7-10 days old 
growing on PDA ( potato-dextrose agar) in standard 
Petri dishes served as inoculum for young vines grow- 
ing in pasteurized soil or in sand culture. About the 
same amount of fungus mycelium was placed in each 
of 4 holes in the soil or sand around each vine. All the 
vines were inoculated when they were 25 cm tall. Old 
Red Malaga vines in the vineyard were inoculated with 
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fungi grown on a medium of autoclaved whole oats in 
l-qt. Mason jars. This inoculum was distributed in 


trenches dug around each vine. Six jars of each 
organism were used in each inoculation. 

EXPERIMENTAL RESULTS.—Table 1 lists the fungi 
isolated from the rhizosphere of grapevines in various 
vineyards of California. More than half of 1131 iso- 
lates were pythiaceous fungi. Of these, 178 cultures 
were obtained by highly selective isolation methods 
(e.g., the apple technique), 47 by the soil dilution 
technique, and the rest by plating. Of the 254 isolates 
tested for pathogenicity, only 67 showed some degree 
of pathogenicity. Most pathogens were fungi of the 
genera Pythium, Phytophthora, and Rhizoctonia. Fur- 
ther tests with these 67 isolates were made on young 
rootings of Thompson Seedless, Red Malaga, and 
Carignane vines in pasteurized soil in 6-in. pots. Four 
replicates for each organism were used, and the pots 
were maintained in a lath house for 1 year. Six species 
of Phytophthora, 1 of Pythium, and 2 unidentified 
fungi were found to cause growth reduction and root 
decay; 2 species of Phytophthora, 1 of Pythium, 1 of 
Rhizoctonia, and 2 unknown fungi caused growth re- 
duction without apparent root decay. 

None of the 35 old Red Malaga vines inoculated in 
the field showed any disease symptoms 13 months after 
the soil was infested. 

Sand-culture experiments were the most useful in 
establishing the pathogenicity potentials for root-rot- 
ting fungi. Table 2 reports the results of an experi- 
ment in which Carignane vines were inoculated with 
various soil organisms and grown 133 days in sand 
culture at % concentration of Hoagland’s solution 
(7). Four vines per crock and 10 replicates per treat- 
ment were used. The temperature range was 18-25° 
C. The vines, inoculated with 2 isolates of Pythium 
ultimum Trow, were stunted (Fig. 1-A,B) and dis- 
played various degrees of leaf chlorosis, somewhat re- 
sembling that produced by zine or iron deficiency 
(Fig. 2). Attempts to correct for zine deficiency by a 
foliar application of chelated zinc sulphate were un- 
successful. In general, growth was more severely im- 
paired by isolate T 3B, and chlorosis was greater with 
isolate TS 56-1. The root systems of vines inoculated 
with both these organisms and a Phytophthora sp. 


TaBLe 2.—Reduction of growth and amount of root decay 
caused by some soil fungi on young Carignane vines 
growing in sand culture 


Average 
increase 
in fresh 


Code Identity of weight Decay 
number inoculum (g) rating“ 
( ontrol 748 0 
A Rhizoctonia sp. 65.9 2 
RM 42-3 Rhizoctonia sp. 71.7 ] 
E 40-29 Pythium sp. 73.1 ] 
TS 56-1 P. ultimum 54.9 3 
Tr 3B P. ultimum 18.0 3 
RM 36-5 Unknown 71.3 0 
E 48-40 Phytophthora sp. 70.3 3 
“0 = none; 1 very mild; 2 moderate; 3 = severe. 
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Fig. 2. Chlorosis of Carignane leaves resulting from root decay. Leaf at left is from a control vine; the others are ' 
from vines inoculated with P. ultimun é 
Pad 
, = ' 
showed an over-all growth inhibition. abundant iverage net increase in fresh weight of the vines was 7 
necrotic lesions, death of root apices, and abnormal determined after 56 days of growth. The results of 4 
production of adventitious rootlets (Fig. 1-C.D.E). this experiment are summarized in Table 3. From 
Disintegration and sloughing off of the root cortex was statistical analyses of the data, it appeared that dif- F 
one of the prominent symptoms on roots of the vines ferences in growth from nutrition levels alone were “ 
inoculated with one of the Rhizoctonia sp. Reisola highly significant in both Carignane and 1613 vines, ' 
tions from decayed roots yielded the inoculated o1 whereas growth reduction due to Pythium was signifi- ‘ 
ganisms. cant only in the Carignane vines. Although the mean ; 
[he effect of nutrition on the pathogenicity of P. treatment values for the latter variety appear to indi- ‘ 
ultimum (isolate TS 56-1) was tested in a separate cate some interaction of nutrition and pathogenicity, 2 
a 
sand-culture experiment, in which 3 concentrations of i, 
Hoagland’s solution (0.125. 1.0. and 1.5) were em- : ‘ 
loyed. The ¢ iet 1 tstock Othell lance 3.—Effect of nutrition and Pythium ultimum on the ba 
) *( ne é rns ; < < ( = ; “hhO } 7 ; 
ploved. i¢ ifignane \y oie V in roo om 1¢ growth es sand culture of Carignane vines and 1613 s 
Solonis No. 1613 (hereinafter referred to as 1613) rootstocl 
were compared in this study for their ability to resist 
root decay. Two vines per crock and 7 replicates pet Treatment 
‘ 
treatment were used. Temperature in the glasshouse 
a ae Strength of ‘ 
where the plants were growing was 25-32°C. The Hoasiand’e Fresh-weight increase (g) 
solution Fungus 1613 Carignane 
0.125 None 42.1 53.9 ’ 
s 0.125 P. ultimum 13.9 56.6 
Fig. 1. Stunting and roet decay caused by P. ultimun : 09 9 > 
Carignane vir | It tisH land’ 1.0 None 2.2 131.6 
ee ee ee ee ee ae | |6(oe P. ultimum 98.7 99.8 
solution. A) Control vine. B) Inoculated vine. C) Roots 15 Non 99.2 114.4 
: a one Be . 
from a control vine. D) Roots from an inoculated vine. E) * : : 9 70 9 
Ne , L5 } ultimum 6.0 19.4 
ecrosis, small cankers, abnormal branching, and adven ISD 5° 15.4 °48 
titlous itle ormati ; ote ny , . ines path de ; pane 
us rootlet formation in root from inoculated vin LSD 1¢ 20.8 33.6 


The 2 roots at left are trom a control vine, 
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° 
the showed that this interaction grams might differentially affect host and parasgit. 
was signif t the 10% level thereby improving growth. Information collected j 
rhe res , e 1613 rootstock to root dec ay one of our experiments seems to corroborate this POssj, 
was conf iralle eries of experiments, in bility. 
which the rown for 56 days in sand he resistance of rootstock 1613 to P. ultimum, ang 
ulture Hoa I's solution in crocks immersed _ its adaptability to the ecological conditions of the cep 
, in a constant-te é re bath at 30+1°C. which cor- tral valleys of California, where “declining” vineyards 
y responds to t for growth of the organisms are known to occur, suggests using this rootstock j 
ised as ino P timur solate TS 56-1 and new replants to control the disease in infested areas. 
Rhizoctoni e P 1). No root decay was visible DEPARTMENT OF PLANT PATHOLOGY 
ind no s t differences were detected by statisti UNIVERSITY OF CALIFORNIA 
cal al ces of esulting data Davis, CALIFORNIA 
DISCUSSION ft f nized that no definite con- 
clusions ted trom the survey of fungus LITERATURE CITED 
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PHYSIOLOGIC SPECIALIZATION OF PHYTOPHTHORA INFESTANS IN ISRAEL! 


N. Kedar (Kammermann)}. 


J. Rotem. and I. Wahl ? 


st MMARY 


The late blight disease causes severe damage to 
potato and tomato crops in Israel, with fungicidal 
control measures frequently insufficient. In 1954 


57. to increase knowledge of the physiologic spe- 
cialization of the pathogen, 48 fungus isolates from 


blighted potato plants were identified on potato 
differential hosts, and 25 isolates were tested on 
tomato differential plants. On commercial potato 
varieties (genotype rr). race 4 increased from 68% 
in 1955 to 100% in 1957: race 0 decreased from 
24° in 1955 to O in 1957. Other races occasiona ly 
found were: 1: 3: 14: and 13.4. The distribution 
f races over areas ecologically different is not 





0 


correlated with their pathogenic properties. The 
tested potato isolates could be subdivided on tomato 
differential hosts into the following tomato races o1 
subraces; 36° —Berg’s original “potato race” (1). 
innocuous on tomato varieties; 28°>—race To, viru- 
lent solely on recessive tomato varieties; 16° >—T,, 
pathogenic on Rutgers and accession W.Va. 106, 
but avirulent on W.Va. 36-1 and W.Va. 700; 16% 

parasitic on Rutgers, W.Va. 106, W.Va. 36-1, and 
not capable of attacking the accession W.Va. 700; 
b isolates parasitizing Rutgers and the acces- 


sions W.Va. 106. W.Va. 36-1. and W.Va. 700. 





The late blight disease caused by Phyto; Athora in 
jestans (Mont.) d By is most destructive to potato and 
tomato crops in Israel. The principal potato varieties, 
Up-to-Date and Arran Banner. are cultivated under 
irrigation in 2 growing seasons. The fall crop. usually 
planted in late August and harvested in December, 
originates from seed tubers produced domestically in 
spring of the same year. Spring potatoes are planted 
in Februarv-March and harvested in May-June. About 
90% of the seed tubers for this more important crop 
come from abroad, mainly from Scotland and North 
Ireland The spring crop vields about 12-16 tons pe 
acre. twice the fall vields. 

Potato fields are distributed in most parts of the 
country over a wide range of climatic conditions, from 
Galilee. in the north, throughout the Coastal Plain. 
Valley of Esdraelon, Jordan Valley, and Hills of 
Judea. reaching the N. Negev in the south. Late blight 


severely damages both the spring ind fall-grown 
potatoes—-on the tormer primarily showing on. the 
ibove ground parts, and in the latter appearing on 


both vines and tubers 


Fungicidal control measures afford satistactory pro 
tection when heavy rains do not interfere with appli 
cations. or wash off the protective chemicals. The 


uncertainty of results and the high cost of materials 
and labor have in many countries stimulated a seare h 


or resistant varieties (5, 19, 20) Similar studies have 


: . 1 
also been undertaken in Israel. To make such an en 
terp! ses iccessful a basi« knowledge ot the physio 


logic specialization of the pathogen seemed imperative 


Accepted for publication April 28. 1959 
* Respectively, Assistant, Department of Field and Veg 
etable Crops, The Hebrew University, Jerusalem, Israel; A- 
sistant, Department of Plant Pathology, Agricultural Re 
search Station, Rehovet: Lecturer, Department of Plant 


Path ogy The He rew | niversityv, Jer isale m 

riters wish to express their appreciation to Drs. W 
Black and M. E. Gallegly for their helpful suggestions and 
lor seed of potato and tomato differential varieties. Thanks 


are due to Drs. R. W. Hougas and H. W. Howard for 


f sab , 
iurnishing some of the potato varieties employed in Face 
identification st idies, 


Information on this problem in the Near East is very 
scarce; a few isolates collected in Jordan have been 
identified by European investigators (3, 13, 14). 

The main object of the present studies was to identi- 
fy the physiologic races of Phytophthora infestans 
and to explore the relations between late blight dis- 
eases attacking potatoes and tomatoes. Special atten- 
tion was given to the prevalence and distribution of 
physiologic races in both growing seasons and in vari- 
ous regions of the country. 

[IDENTIFICATION OF RACES ON POTATO DIFFERENTIAL 
VARIETIES.— Materials and  methods.—\a‘e-blight-af.- 
fected potato foliage, stems, and tubers were collected 
from various parts of the country, and incubated 24 
hours in high humidity under bell jars or in large 
Petri. dishes. Under these conditions the fungus 
vielded sporangia profusely. Inoculum was obtained 
by washing sporangia from the surface of diseased 
tissue and maintaining suspensions at 12-15°C to 
stimulate liberation of zoospores. Stock cultures were 
preserved in tubers artificially inoculated by placing 
a few drops of spore suspension in small cavities pro- 
duced in tuber tissue with a knife sterilized by flaming. 
Inoculated tubers were kept 48 hours at 20-25°C and 
then removed to incubators at 6-10°C. Every 10 weeks 
the isolates were transferred to fresh tubers. It was 
ascertained that the fungus in the tuber cultures re- 
tains its racial identity for at least 2 years. The or- 
ganism could he readily recovered trom slices of in- 
fected tubers exposed to 16-20°C at high humidity. 

In the identification tests the widely used detached- 
leaf culture method was employed The bottoms of 
Petri dishes were lined with moist blotting paper. cov- 
ered in turn with a thin pad ot cotton Leaflets of 
10—-12-week-old differential hosts were laid, lower side 
up, on the cotton. 

Inoculations were made by placing 4-6 drops of 
zoospore suspension on each leaflet. After 12-16 hours 
the excess of suspension liquid was removed by a 
small pipette. The inoculated leaves were incubated at 
18°C. high humidity being ensured by repeated mois- 
tening of the blotting paper. The dependability of the 
method employed was occasionally checked by run- 


ning comparative tests on plants in garden pots (11). 
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The etached-leal culture technique 
there 1 was therefore used. 

ka i irried out in duplic ates 
nr nm ¢ ted whenever the results ot 
th ; ' ent. Varietal reactions 
were ( the readings were made 
7 da | lentification of races was 
hased ed following varie 
te 
Potat f blight genotype 
Irish ¢ ) rT 
835al(4 K 
1512 f R 
he R 
Pentlar 1 A K 
1563 R, 

Since ‘ T erential ire le gene indica 
tors, purl I ‘ iro xtures was achieved 
hy meal tio ethod. For example. 
inoculu ) ric ind virulent on R 
and R, | ferred again from the infested 
plants of R " K to healthy R, and R, leaves. 
The abilit : if the fungus to attack both R, 
ind R t as race 1.4 in the first in 
aN race 4 if only one of the respec- 
tive liffe ilta | 

Host reactio <ihed as tollows leaves with 
necroti ed mre t ( mnsidered re- 
sista ition and nrest! cted spread 
and coalescencs esions were regarded as evidence 
of suscept lit 6 Difficulties were experienced 
when re tion tvpe w not well defined. Leaves sup 
portin e] elial growth in some replica 
tions we rate tant When all replications 
showe it i. ( panied by 
coalesce tic lesions, the was ranked as 
suscepl f ( es adel neation tests were 
repeat | different arieties some 
times 

Phe lent ologic races and their nomen 
clature vpre et i with the 1 of the interna 
tional syste of iterrelationships of genes 
and race 

Resi ; late ected almost ex 
clusively f{ I if potato eties rr geno 
type wre tato different hosts. It was 
noticed tf represent the R geno- 
type, like | i > | ire it consistently 
equivalent ) yn solates, deter- 
mined a é mderately virulent on 
Essex. and av 835a(4 ind other varieties 
of the R the Ger Maritta. Simi 
lar discrepat the response of differential hosts 
to race | | ee! observed by Howatt and 
Grainger {) disagreement in reactions 
obtained on differ t standin same geno 
type may lead t niusio ind it is therefore sug 
gested to remove Essex { the set of standard differ 
ential eties ne results { the dentification 
studies are re le | 
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The data summarized in Table 1 demonstrate the 
prevalence of races 4 and O in the development 9 
potato late blight epiphytotics. The same races hay 
been collected occasionally in neighboring Jorday 
(3. 14). During 1954-57, race 4 accounted for 754 
and race 0 for 15°) of the total. Races 1; 3; 1,4; ang 
1.3.4 make up the balance. Race 4 gradually increase 
in prominence. [n 1954 it was isolated once in 3 
samples tested: in 1955 it comprised 68°, in 19% 
90°,. and in 1957 100° 


of the isolates obtained from 
the commercial potato varieties (genotype rr). 

The reverse is true of the common race 0. In 1954 
race 0 appeared once among 3 isolates studied; 
1955 it amounted to 24° of the total; in 1956 and 
1957 not a single isolate of race could be detected 
It should be mentioned. however, that race 0 was 
found on blighted tomatoes in 1956 and 1957. Similar 
trends and shifts in race populations of P. infestans 
were reported (3) from Europe, North America, and 
Africa (Southern Rhodesia). where race 0 declined 


markedly, 


Information accumulated in the present study alse 


he replaced by race I. 


indicates that race 4 seems adapted to diverse climatie 
conditions, since it predominates in fall and winter ag 
well as spring. being widespread over areas strikingly 
different ecologically and in natural vegetation. Fig 
| shows the uniform distribution of race 4 in various 
parts of the country. belonging phytogeographically t 
the Mediterranean and Irano-Turanian regions (24), 
while other races are not so evenly distributed. 

If the inoculum inciting the recurring late blight 


outbreaks in Israel is tuber-transmitted, as proved in 


18 92 


ier countries (5. 18. 23). a correlation may be ex 


pected between races parasitizing the parental plants 
and the progenies of the seed tubers. The similarity 
in composition of races in fall 1955 and in spring 
of the same year when the seed for the fall crop was 
produced accords with such an anticipation. For the 
same reason the composition of races parasitizing our 
potatoes in spring should be influenced by the raee 
situations of the previous year in North Ireland and 
Scotland, source of 90°, of the seed for our spring 


crop ( omparative analysis ot the findings depicted In 


races of Ph ) tophthora 


infestans among tsolates collected from potatoes 


> , 
Preva ence ot phvysiologi 


(,rowin Source ¢ Frequency ot race 
ison seed tubers occurrence 

Fall 1954 or 0(1) 3¢1) 401) 

sprin 1955 om Lil) 


I 
i 
saa d 043) 1(6) 
Unknown 4(1) 
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Fig. 1. Distribution of physiologic races of potato late 
blight fungus in Israel in 1954-57. Numbers designate the 
specified race; initials stand for regions in which the 
identified samples were collected. C.P., Coastal Plain; 
J.V., Jordan Vallev; U.G., Upper Galilee; V.E., Valley of 
Esdraelon. Phytogeogrephical regions delineated according 
to Zohary (24), with slight modifications 


fable 1 with the pertinent data summarized by Black 
(3. Table 2) 


Israel in spring of 1955 were identical to the races 


reveals that the races prevailing in 


predominating in North Ireland in 1954, and probably 


also in Scotland.” Degree of agreement is somewhat 


less when the frequency of races occurrence is com- 
puted. Races 4 and O in spring of 1955 in Israel 
73% and 27%. 


amounted = to respectively, while in 


North Ireland in 1954 race 4 comprised 96% and race 
0.4 of the investigated isolates (3) 

Pathogenicity of potato isolates on tomato differen- 
tial varieties —Observations from several countries 
emphasize the danger involved in disseminating inocu- 
lum from blighted potato fields to nearby tomato plant 
ings (14) 


On the other hand. reference is made to 


Data available for Seotland relate the race situations in 
1955 and 1955-56 ( s). It is most likely. that races 4 and 
Y were present there in 1954 also, 
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instances where healthy tomatoes could be cultivated 
alongside potatoes affected by P. infestans (21). Field 
surveys conducted in Israel throughout 1951-57 con- 
form with both of these apparently conflicting results. 

Elucidation of interrelation between the late blight 
diseases on both crops is of great practical signifi- 
cance, particularly in countries like Israel, where 
potatoes and tomatoes are often grown in close prox- 
imity. 

Berg (1) and Giddings and Berg (7) in the United 
States. and Réeden 


tomato races as distinct 


(17) in Europe found potato and 
biological entities. This 
opinion, contested by Mills (15), has received new sup- 


9) 


port in recent years (22). Furthermore, it has been 


demonstrated that both the potato and tomato races 
are complex units (2. 22), consisting of numerous 
components that vary in virulence on potato and 
tomato suscepts. 

The following studies were undertaken to gain bet- 
ter understanding of the relation between potato and 
tomato late blight diseases under local conditions. 

MATERIALS AND METHODS. 


was similar to that described above in identifying 


The procedure adopted 


races on potato differential hosts. It was ascertained 
that tomato leaves removed from 9—11l-week-old seed- 
lings. since they do not rot easily, are even more 
amenable than potato foliage to detached-leaf culture. 

To tomato differential varieties was added our com- 
mon variety Marmande, of commercial importance in 
Israel. This variety was found to be equivalent to the 
recessive variety Rutgers as a differential host. The 
differential set comprised the following varieties and 
accessions: Rutgers and Marmande; W.Va. 106, W.Va. 
36-1. W.Va. 700. Details related to genetic constitution 


of the listed accessions are discussed elsewhere (6, 
99 
- 


For uniformity, the nomenclature proposed by Gal- 
legly and Marvel (6) was applied with minor modifi- 
cations, slightly 


pathogenic on all tomato differentials including Rut- 


Potato isolates nonpathogenic or 


vers and Marmande are labeled here as Toy. This 
race corresponds tu Berg's original “potato race’ (1). 
Isolates virulent solely on Rutgers and Marmande 
represent the common tomato race 0, and are denoted 
T,. as suggested by Gallegly and Marvel (6). For the 
race virulent on Marmande, Rutgers, and accession 
W.Va. 106. but innocuous on W.Va. 36-1 and W.Va. 
700. the designation T, was retained, while isolates 
pathogenic on Rutgers, Marmande, W.Va. 106, and 
W.Va. 36-1. but avirulent on W.Va. 700, were named 
T,a. This designation is in agreement with the hy- 
pothesis postulating that both accessions, W.Va. 106 
and W.Va 36-1, have in common a single dominant 
factor for resistance, TR,. combined in W.Va. 36-1 
with srultiple genes (6) that confer additional protec- 
tion. Therefore Gallegly and Marvel prefer to con- 
sider isolates signified by us as T, and T,a as one 
race. and denote it T, (6). Some of the isolates studied 
in our tests also attacked W.Va. 700. Since the genetic 
nature of resistance displayed by W.Va. 700 is still 
unknown, the isolates are tentatively referred to as T?. 


Obviously. further progress in knowledge of the genetic 
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Paste 2.—Relations between tomato-race and Potato-ren 
characteristics of 23 potato isolates of P. infestans 
No. of isolates with the following 


International tomato-race characteristics: 


potato race I I * Ta | 
0 9 
| 9 
1.4 


ty bo 


potato-growing regions of Israel. despite the striking 


differences in their climates. 


Black stressed the importance of investigating th 
| gt 


effect of climatic factors on the “vigor and reprodye. 
tive powers” of physiologic races (2). If climatie 
ireas and physiologic races could be correlated and the 
pattern of these relations determined, it may be poss 


ble to cultivate varieties according to their genetie 
constitution in regions where they would be least af 
fected by the disease. The results of our studies (Fig 
] seem to disprove the existence of such a correlation 
between distribution of physiologic races of the para 
site and climatic conditions. 

Perhaps the clue to understanding of the unrestricte 
expansion of race 4 in Israel should be sought in the 
race. which consists 


alike on 


genotypes 


complex nature ot a physiologic 
of distinet 
limited 


but diverse in then 


entities (2) 


differential 


biological acting 


standard assortment of 
requirements for nutrition (9) 
temperature (12) 

Thus. it is conceivable that subraces or biotypes of 
race 4, prolific and abundant on potatoes in the Jordan 
Valley or in the N. Negev, present in 


minute quantities in N. Presumably, the selec. 


were already 
| urope, 
tive influence of the new environment brought them 
from obscurity to prominence. 

The factors responsible for greater persistence i 
and simultaneous 


sufficiently 


nature of certain physiologic races, 


decline or elimination 


(19). The experience gained with P. infestans 


of others, are not 
clear 
in the last several vears confirms the opinion that there 
is no a priori reason to assume that the more special 
than the common race 
13). Black demon 


2.4 and possibly also race 4 


ized 1 ices are less aggressive 
on the recessive potato varieties 
strated in 1952 that race 
survive. together with race 0. on recessive potat 


Table 3) 


Identification studies conducted with potato isolates 


may 


varieties (2 


on potato and tomato differential sets confirm the cot 
Wilson and Gallegly (22) en 
phasizing the lack of relationship between genetic fa 
blight both 
For example, 19 potato isolates determined as race 4 
could be 
blight 


clusions reached by 


tors controlling late resistance In crops 


on differential potato varieties readily sub 


divided into the principal tomato races cur 


rently recognized. 
lhe practical implications of the reported finding: 
Firstly 


healthy tomato fields alongside badly stricken potatoes 


are obvious. they explain the existence 
| 


This may happen when the latter crop is invaded b 


race ? pathogenic solely on potatoes, Secondly 


the established fact that the 
1 
1in variety Marmande,. are vulnerabk 


recessive tomato varieties 


ine luding our n 
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t wer 60° of the isolates identified on differential 
Oo . 


tomato varieties, makes it imperative to maintain 
proper distances between potato and tomato plantings. 
In the breeding program for potato late blight re- 
sistance, particular attention should be given to the 
major genes: Rj, Ro, and Ry. The protection attained 
may be more enduring if these major genes will be 
combined with genetic factors for field resistance (3). 

Chances for combating tomato late blight in Israel 
hy breeding are not promising at present, since physi- 
ologic races capable of attacking the sources of re- 
sistance incorporated in the accessions, W.Va. 106, 


W.Va. 36-1, and W.Va. 700, are not uncommon in this 


country. It is noteworthy that these specialized races 
<eem to be relatively more prevalent in Israel than in 
the United States, the Netherlands, and Scotland (22, 
fable 1). The origin of the virulent tomato races in 


Israel is unknown and deserves to be studied because 


of its great significance. Also, a search for a more 
lesirable parental material, obviously. is indicated. 
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GISTATIC ACTIVITY OF CAPTAN IN PEA SEEDLINGS AFTER 
TREATMENT OF THE SEEDS OR ROOTS OF SEEDLINGS ! 
\. R. Wallen? and I. Hoffman 
st MVMEARY 

fre eed treated with f. pist, it is suggested that breakdown products not 

Or tly less sus- detected by chemical analysis caused the fungistati 
cept cause of leaf and pod action in the foliage. When captan was dissolved 
P \ oe ; spit Pt ee In acetone before being supplied to the pea seed. 
| a can ie ane lings. more of the chemical was detected in the 
aS ae inal foliage and greater chemotherapeutic protection 

' : ial ; Aximum of Was afforded to seedlings from A. pisi than when 

O95 - found in the aboveground captan was added without a solvent. Captan was 

pa \ of captan detected chemically in treated seeds for 9 weeks 

j if duce nfection by ifter the seed was sown in soil. 

In pre t distinet sof Ascochyta assays has been described by Whiffen (14). § 
pist | use ea | pod spot of peas. were pastorianus was selected as the test organism becaus 
distinguished « sis of reaction of 7 differential it proved to be more sensitive and gave clearer 
varieties of pr in effort to increase seed germi better-defined zones of inhibition than any of a num 
nation, a seed e treated before planting with ber of other organisms tested. Cells of S. pastorianu 
Orthocid ptan Seedlings from captan were obtained by growing the organism in_ shake 
treated seed were fi | repeated trials to be less culture in a liquid medium similar to the assay med) 
susceptible to fection with the 4 races of A. pisi um, but without agar. The shake cultures were diluted 
than were seed srown from untreated seed. with phosphate buffer to a concentration of 200,00 

Captan (N-(1 ae a ae a ee cells per ml and stored in a refrigerator at 10°C, 
dteacheximid ; peeved satetaadine tn caveral trinks Before assay, whole seedlings. or individual roots 
ake aaa Oh protect peas from seed rot and Stems, or leaves, were sterilized by exposing them for 
damping-off > 13 Napier et al (8) inves- 24 hours to the fumes of propylene oxide in closed 
tigated the ictivity of captan sprayed on Petri dishes. This treated material was then trans 


broad beans. Spraved on the dorsal surfaces of leaves. 
it protected the tral surfaces from infection by 
Botrytis faba Sardi the cause of chocolate spot. 
They also found that captan could be absorbed through 
the roots and | the foliage against the pathogen. 
May et al (7 d, in preliminary trials, that resi 
dues of ace xtracts from leaves or stems of elms 
growing in ipt treated soil were active against 
Ceratocystis } >uIS ( Moreau in bioassay tests 

This paper presents the results of bioassay and 
chemical analy letermine possible systemic activi 
ty in pea seed] following application of captan, 
either as seed treatment or in solution as a root 
drench 

METHODS AN : : B ss \ bioassay test 
was developed easure the fungicidal activity of 
pea seedlings ‘ rom seed treated with Orthocide 
75. Seed! the greenhouse or in the field 
were a ive ct I or in agal medi 
um with S § . Hansen as the 
test organist | { e agar used for the 
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ferred to the agar medium seeded with the test organ 
ism. After 24 hours’ incubation at 30°C. the greatest 
width of the zone of clear agar across a portion of the 
stem tissue was measured to indicate the magnitude 
of fungistatic activity. 

In a second procedure the treated seedlings were 
ground in tissue grinders containing 1 ml of chlore 
Filter paper disks (Schleicher and Schuell \ 
were immersed in the chloroform extracts unti 
then 


surface of agar freshly seeded with the test organism 


form. 
T40E ) 
saturated, and air dried and transferred to the 
After 24 hours’ incubation. measurements of the activ 
ity of extracts of plant material were recorded as the 
size of the clear zone around the filter-paper disks 

{nalytical procedures.—The method 
sentially that of Kittleson (3) as modified by Taylor 
Klayder (9). 
placed in a large separatory funnel, and covered with 
Several hours were allowed for the captap 


used was e 


and The fresh material was weighed, 
henzene. 
to dissolve, during which time the funnel and contents 
shaken 
recovered after 
em folded filter 
sample were similarly filtered and added to the mai 
The 


funnel. 


The benzene portion was 
Whatman No, 12, 24 


Two benzene washings of the 


occasionally. 
filtration 
paper. 


were 


on a 


transferred to 3 
10 g at 
nuchar—hyflo-super-cel-ar 
after 
\ second cleanup was usually 


benzene solution 
shaken 


mixture (2:1:] 


portion, was 


separatory vigorously with 


cleanup 


hydrous-sodium-sulphate) and then recovered 


filtration with suction. 
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necessary to ensure complete color removal. The ben- 


was transferred to a large beaker, several glass 


seta were added, and the volume was reduced to 
shout 5 ml by evaporation with an infrared heater. 
The concentrated solution was recovered in a 25 * 200- 
mm test tube after filtration on a Whatman No. 42 
7m paper. A small amount of benzene, used to wash 
the beaker. was added to the test tube through the 
filter paper. added, and 


was carried out as described by Taylor and 


Resor inol (0.5 go ) Was 


fusion 


K lavder. 


eolution after cooling in water at room temperature 


In some cases It was necesary to filter the 


before diluting to the 25-ml mark with acetic acid. 


Transmittance measurements were made on a 
Warren Spectrachord, using l-cm cells 


Some of the extracts 


These were 
compared with standard curves. 
displayed continuously changing transmittance values 
with changing wave length, without an absorption 
maximum. In such eases. if single absorbance values 
were taken at 425 m#, an erroneous interpretation in- 
dicating the presence of captan could be made, as. 


| his difhieulty does 


not arise with the present instrument. since absorption 


for example. curve B in Fig. 1. 


maxima centered at 425 m# can be seen at a glance. 
In the case of curve C the maximum was not very 
pronounced. Conclusive proof of the presence of 
captan was obtained by reading against a blank ob- 
tained from untreated peas instead of against pure 
slacial acetic acid (curves A and D). 

Systematic fungistatic activity by bioassay.—Seeds 
of the pea variety Chancellor were treated with Ortho- 
cide 75, both as a dust at the recommended rate of 
2% oz. per 100 Ib.. and as a slurry at 1%4 oz. per 100 
lb. Forty-eight hours after treatment the peas were 
sown in soil in the greenhouse or placed between moist 
paper towels. At emergence. and at 1 and 2 weeks 
after emergence, the seedlings were dug up, cut in 
2 sections at the soil line, washed in running tap water. 
dried. and assayed immediately or frozen for future 
assay. Seedlings were assayed by both the paper- 
disk and direct-plating methods. Five seedlings each 
of control, dust-treated, and slurry-treated were assayed 
by each method. All Petri dishes were incubated 24 
hours at 30°C and examined for visible zones of in- 
hibition 

It was noted that small zones of inhibition occurred 
around the untreated seedlings, but larger zones were 
around the seedlings and 
around filter-paper disks that had been impregnated 
with the filtrate from captan-treated seedlings. When 


the direct-assay method was used. the size of the zones 


apparent captan-treated 


varied from 0 to 35 mm for untreated seedlings and 
from 28 to 43 mm for captan-treated seedlings. The 
important difference in captan assays was the absence 
of any growth of the test organism immediately ad- 
jacent to the young seedlings. In control seedling 
assays a trace of growth of S. pastorianus usually oc- 
urred near the attachment of the seed to the hy pocoty! 
With the disk assay 


nu curred 


within the zone of inhibition. 


procedure. no clear zones of inhibition 


around the extracts from control seedlings. but zones 


up to 28 mm in diameter were noted with extracts from 
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\ natural inhibitor 
because 


captan-treated seedlings (Fig. 2). 
within 
control-seedling assays showed some zones of inhibi- 


must occur normal pea_ seedlings, 
tion. In further tests this inhibition in control-seedling 
assays partially masked the effect of the fungistatic 
substance in captan-treated seedlings. It was there- 
fore decided that chemical assays would be necessary 
to characterize the fungistatic substance present in 
captan-treated seedlings. 

Systemic fungicidal activity by chemical analysis. 

Seed of the pea variety Improved Thomas Laxton 
was treated with Orthocide 75 as a dust at the recom- 
mended rate of 24 oz. per 100 lb. of seed. Forty-eight 
hours after treatment, the seeds were sown in soil in a 
greenhouse bench. At emergence, and at weekly inter- 
vals for 9 weeks. young seedlings were dug and excised 
approximately 1 in. above the soil line. The remaining 
portion was washed in fast-running tap water so that 
all the soil and as much as possible of the surface 


captan was removed. After being washed, both the 
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Fig. 1. Transmittance measurements of various captan 
extracts. A) Peas grown in Hoagland’s solution (H’s) + 
captan vs, untreated peas grown in (H's). B) Peas grown 
in (H's) vs. glacial acetic acid (G.A.). C) Captan-treated 
peas + (H’s) vs. G.A. D) Peas grown in (H's) + captan 
dissolved in chloroform vs. peas grown in (H’s). E) As in 
D. but vs. G.A. 
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produced by pea seedlings, and 


xtracts of seedlu eed treated with Orthocide 75 (75% 
captan) and grow n soil in the greenhouse. A-D) un- 
treated, A) plu ind hypocotyl, paper-disk assay, B) 
root, paper-disk a C) hypocotyl and plumule, direct 
issay, D) root, dir ssay, E-H) captan treated, E) hypo- 
cotyl and stem, paper-disk assay, F) root, paper-disk assay, 
(,) hypo ty 1 f direct assav, FH) root, direct 
wssay 
owe! ind ippe portions of trie seedlings were 
weigher ind separately analyzed chemically for cap- 
tan content by the described method 

In two separat vses a trace and 0.25 ppm of 
captan were found at emergence in the aboveground 
portion of captan-tre ited seedlings grown in the 
vreenhouse Analy 1 the belowground portions 
of the young plant consisting of the cotvledons. seed 
coat, root, and that part of the shoot belowground, 
revealed that capt was present throughout the du- 
ration of the 9-week test period. The average weight 
of captan per see was 280 ue before planting. At 


emergence was reduced to 7 we: one 


week after emerge of captan was present, and 


the second week iter emergence, 0.35 Nine weeks 
ifter emergence - than 0.1 wg of captan was re- 
covered. At 4 weeks the cotyledons started to deterior- 
ate. and. although they were washed very carefully, 
traces of moss used in the compost were present. This 
material in the ty of the seeds may have con- 
tained some f the captan found in the 49-week 
period 

In addition to the reenhouse trials. a field trial 
was conducted seed of Improved Thomas Laxton 
peas was treated the recommended rate and sown 
in rod-row plots the field At weekly intervals after 
emergence, the young plants were excised | in. above 
the soil lin ind the ipper portion was bulked into 
one sample, and the lower portion bulked into a second 
sample. In preliminary trials with the aboveground 
portions of on two-week-old seedlings, captan 
could not be detected by the described chemical meth- 
od. ¢ iptan was found in the belowground portions 
of the plants. More captan could be detected if the 
plant material was assayed without preliminary drying. 
When sand was ed to grind this material and ben- 


zene used to extract captan, a colloidal formatig 
developed that made testing for captan impossible, 
Root absorption of captan—-An experiment wa 
carried out to determine if captan applied in  suspep 
sion or in solution could be absorbed by the root sy 
tem and translocated to the aboveground parts g 
young pea seedlings. Four lots of 48 crocks containing 
quartz sand were sown with untreated pea seed. variety 
Improved Thomas Laxton. The crocks were watered 
daily until the young seedlings emerged. The seed 
lings were then supplied at two-day intervals wit 


Hoagland’s solution (2). 200 ml to each crock, until 


the seedlings were about 2 in. high. At this time, 4 
treatments were applied to the quartz sand by means 
of a glass funnel thrust | in. into the sand. The glass 
funnel was used primarily to avoid any contamination 
by captan to the aboveground parts of the plants. The 
treatments were as follows: Hoagland’s — solution 
Hoagland’s solution + captan. Hoagland’s solution + 
captan dissolved in acetone, and Hoagland’s solution 

captan dissolved in chloroform. The final concen. 
tration of acetone and chloroform in Heagland’s soly. 
tion was 2%. The final concentration of captan was 
100 ppm. Three applications of 200 ml of the above 
solutions were supplied to the young seedlings a 
18-hour intervals. Forty-eight hours after the final 
application, the seedlings were excised 1 in. above the 
soil line, separated into above- and belowground por 
tions. washed, bulked. weighed, and assayed chem 
cally for captan content. 

Chemical analysis revealed that captan was present 
in the aboveground parts of the plants in the three 
series in which captan was incorporated with Hoag. 
land’s solution. When captan was dissolved in acetone 
and chloroform, 0.85 ppm captan and 0.44 ppm captan 
were found, respectively. Only 0.04 ppm captan was 
found when captan was added to Hoagland’s solution 
without any solvent (Fig. 1). 

Infection studies.-In previous tests, it had been 
shown as a result of certain treatments that captan 
was translocated from the roots of young pea_ plants 
into the aboveground parts of the plant. It was nov 
decided to find out if the application of captan to the 
roots of pea seedlings offered any protection against 
the development of leaf and pod spot caused by 
1. pisi. 

Improved Thomas Laxton pea seedlings were grown 
in quartz sand in 1%4-gal. earthenware crocks at the rate 
ol 10 seedlings per crock. The crocks were watered 
until the young seedlings emerged, then supplied with 
Hoagland’s solution until the seedlings were about 2 
in. high. The plants were then sprayed with a spore 
suspension of 4. pisi in sterile tap water and placed 
in a growth chamber. The growth chamber provided 
adequate light for growth and was maintained at 4 
temperature of 18°C and a relative humidity of 85% 
for the duration of the test. At inoculation, and # 
hours and 96 hours afterward, 4 treatments similar 
to those used in the previous test on root absorption 
were applied. Two weeks after inoculation the seeé 
lings were examined for lesions by A. pisi. The treat 
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LOrmatigs Tasie | The effect of various treatments of captan applied to the roots of pea seedlings on the det elopment of Ascochyta ‘ 
; ; 
Ossible. pisi 
ime , 
; Nt Way Number of seedlings with 
in SUSPep. 
ie root Number of Non-fruiting Number 
ye : ent seedlings * Fruiting lesions lesions disease-free 
1 part Treatmen 
sq a 
Containing Hoagland’s solution 96 42 24 30 ; 
“ed, Variety Hoagland’s solution + captan 4 16 24 54 
Hoagland’s solution + captan + chloroform 80 10 24 16 
i Hoagland’s solution + captan + acetone 98 0 10 88 
The seed ! 
rvals with Total of 4 repleations 
rock, until | 
lis time, § ; 
I ments used and the results of this test are shown in toxic residues could be reduced. Further work is ' 
Vv Means . ; 
Table 1. warranted on this phase of the problem. be 


The g] 

vids ° , ° 

Forty-two of 96 seedlings supplied with Hoagland’s . : 

, oe | . 4 PLANT RESEARCH INSTITUTE AND ANALYTICAI 

salutiol miv develope ruiting esions oOo P SIL. : j 
lution | I CHEMISTRY RESEARCH AND SERVICES ‘ 


tamination 
lants. The 


Sixteen of 94 seedlings supplied Hoagland’s solution 
solution ixteen 0 ~ ; RESEARCH BRANCH ’ 
" captan developed fruiting lesions. Chloroform was ; VI 
lution + CANADA DEPARTMENT OF AGRICULTURE b 
, phytotoxic to the young plants, many of which wilted " 
s solution : OTTAWA, ONTARIO ; 
il ind in some Cases died. Disease development was 4 
. concen . ‘ i. . ‘ 
nd’ ; saprophytic on this material. Non-fruiting lesions ‘4 
a Ss Sol} : , ° : UR P 
ipta develope d on 24 seedlings each for the Hoagland 5 a Seo 
tan Was . 9 . 
hs al Hoagland’s + captan, and the Hoagland’s + chloro l. De Zeeuw. D. J.. A. L. ANDERSEN. ano G. E. Guyer, 
e ove ow » ~ . g — 7. 4 
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e final ; ; : ogy 46: 10. 
shove th acetone incorporated into Hoagland s solution and > Hoaci AND. D. a . AND D. I. ARNON, 1938. The water- 
: ie j 
il supplied to the young plants. culture method for growing plants without soil 
PUTING Or an . : ’ % 47 fe, wl 
| Discussion.—The data show that a fungistatic sub Univ. Calif. Agr. Expt. Sta. Cire. 347, p. 36-39 ‘ 
‘d chemi: | oe ceil, al Sains { Lal 3. Kirriteson, A. R. 1952. Colorimetric determination of Y 
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m Captan in normal pea seedlings and slightly active against the 6. Lukens, R. J.. anp H. D. Stster. 1958. Chemical rea . 
plan was test organism, chemical analysis was necessary to find aa involved in the fungitoxicity of captan, Phyto ' 
solution { P ; . . ; > . pathology 48: 235-244 ‘ 
if captan was the fungistatic substance. By chemical 7 ; : 
é ; 7. May, C.. J. G. Parmer, ann E. Hacsxkayrio. 1958 
inalysis of treated material a maximum of 0.25 ppm Inhibition of growth of Ceratocystis ulmi in vitro by ‘4 
iad been of captan was found As only captan was identified residues from extracts of soils and of plants growing ' 
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SUMMARY 
ted individ more pathogenic in tests held at a constant tem. 
1 and seedlings perature of 21°C than in tests held one week at 
sp., Aspe 27°C and then changed to 16°C or at a constant 
: ( sp., Collet temperature of 27 °¢ Only Rhizoctonia solani. 
LY P Fusarius oe Pythium ultimum, Colletotrichum gossypu, T hiela. 
j | asintesc 


iopsis basicola, and Aspergillus flavus were highly 


pathogenic to cotton seedlings. Striking differences 





Pyt kK r 1 Rhizopus ; 
ee C Wit tnelemsig im pathogenicity were found among the various 
‘um. all isolates of a particular species, except for Asper. 
b much more gillus flavus. Fusariun spp. were in general only 
pI :, Pythium ult moderately to mildly pathogenic. Other fungi were 
\i solates were either nonpathogenic or only mildly so. 

Secut tand eedlings is often a ng femperature studies carried out by variow 
naior d Growers usually workers (3. 5. 8. 17. 19. 22) with known pathogens 
lant an « ompensate for possible have indicated that temperatures lower than optimun 
stand red east Such stand for the host favor the pathogen. So far as the writer 
losses may I inti ecessary and may eve! are aware, no temperature studies have been made 
result in e replanted fields are late with all the individual fungi associated with diseased 

The seed mplex of cotton has bee cotton seedlings. nor have attempts been made t 
L pe Atkinson (4) ascertain what part the so-called nonpathogenic or 
first vce ed la | g-off of cotton in vanisms isolated from diseased seedlings play in the 
1892 re iad been used for disease syndrome The present studies were begun 
the d ) ) Numerous workers with the purpose of investigating the effect of environ 
have s lisorders are caused by ~~ ment on disease incidence, with both pathogenic and 
1 complex ‘Oo, 20, 2a 24 Camp (6 nonpathogenic fungi used singly and in selected com 
reported K Kuehn a common caust binations, 


of seed 1 Arndt 1. 2) demonstrated This initial investigation had 3 objectives: 1) & 
that ¢ Southworth, AR. solani, — ascertain the relative prevalence patterns in the state 
Pythiur | several other fungi were — for all fungi associated with cotton seedling disorders 
pathoge lling 12) found with particular emphasis on the more destructive 
that ¢ i spp. were the most im ones: 2) to determine the pathogenicity ot all fungi 
portant pal otton seedlings in North Caro recovered from diseased seedlings: and 3) to study 


nor n 
yspre d 


the effects of temperature on individual fungal isolates 


and on their abilitv to incite disease. 
MIATERIALS AND METHODs. 


this 


The fungus isolates used 


in study were obtained in 1954, 1955. and 195 


15) 3 9 | ( s d Fusariur from diseased cotton seedlings collected from various 
spy] ent | s on cottor ireas in Arkansas with 3 exceptions: one of the 
seedlings ind ( on Belt, in {spergillus flavus Link isolates was obtained from the 
‘ ! rr cm stu s sho — * . m, * ff. oxvsporu r é 
ludir \ I w that A U.S. D. A.,* the F rysporum f. vasinfectum culture 
solar st imp tton seedling was isolated from a diseased cotton plant, and the 
pathog . i that ¢ > Ww . Sclerotium roltstt Sac was isolated from tomato. 
relat l t lsolations Irom cotton seedlings were made bv re 
tt | r t 1 . | . j 
Co ! i re a is ! moving sections from the margins of diseased and 
varial pre I wel weathet healthy hypocotyl tissue and submerging the sections 
int nt e 9 c : 
durir lowing plan in a 0.5 sodium hypochlorite solution for 2—5 min 
utes, depending on the size of the section. Plating was 
Accept n M », 1959 done in Petri dishes on potato-dextrose and on watet 
Ir \ AN al © el \ 
tural Exy : ( Res h Division 
ARS, U.S wi e al f the dires Isolated from fluorescent cotton fiber and supplied 
tor of \ \ Ex] Statior through the kindness of P. B. Marsh, Crops Researet 
Ass P Pat r | versity f Division, ARS, LU. S. D. A 
Arka Ark is | Path gis ‘Supplied through the kindness of J. P. Fulton, Arkansas 
Crops R ARS, | Ss DA specti \ Agricultural Experiment Station 
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wgar. Sections were incubated about 5 days at room 
temperature and were periodically. \s 
erowth was sufficient, hyphal tips of individual 


examined 


soon a> 
were transferred to agar slants for later identi- 


cultures 


fung! lire 
feation. After identification, 
were secured for all isolates except R. solani, P. 
mum. Sclerotium bataticola Taub., and S. rolfsii. 


Miiil 


For the latter 4 fungi, hyphal-tip cultures were used. 


single-spore 


Temperature and pathogenicity studies were made on 
representative isolates, 

fable 1 lists the fungi used in the tests. 
ind Hansen system (21) of nomenclature was used 


The Snyder 


for the fusaria. 

Temperature studies for all the isolates selected 
were carried out as a prerequisite to the pathogenicity 
experiments. Nine different temperatures were used 
in determining the maximum, optimum, and minimum 
crowing temperatures of the microorganisms. A 7-mm 
disc of PDA inoculum was placed in the center of a 
Petri plate containing a standard volume of PDA. 
Each temperature series contained 4 replicates for 
each fungus, and every fungus was tested twice. The 
time of incubation varied from 24 to 112 hours, de- 
pending on the relative growth rates of the organisms 
involved. Growth rates were determined by measuring 
colony radius at the end of the incubation period. 

Several methods of ascertaining the relative patho- 
genicity of the fungi were tried. The most satisfactory 
for greenhouse use was found to consist of growing 
the cotton seedlings in sand that had been sterilized 
and then inoculated with pure cultures of the respec- 
tive fungi. One-gallon crocks and metal flats were 
tried as containers. The crocks proved much easier to 
handle and were used in most of the experiments. 
The same seed lot of Coker 100 W cotton variety was 
ised for all experiments. The seed was machine-de- 
linted and treated with Ceresan M. Inoculum was 
produced in a liquid medium consisting of a modified 
Richard’s solution in which dextrose was substituted 
for sucrose and V-8 juice was added. In part of the 
pathogenicity tests the inoculum consisted of the fun- 
gus and the medium on which it grew: in the re- 
mainder of the tests the inoculum was made up of the 
fungus without the medium, which was replaced with 
an equal amount of sterile distilled water. In all 
cases the inoculum was thoroughly mixed with the 
sand just prior to planting and the seed were placed 
it a uniform depth of one-half inch. A standard vol- 
ime of distilled water was added daily to each crock. 
After emergence the plants were given a_ balanced 
nutrient solution each day. 

Three variations in temperature were used in the 
pathogenicity experiments: a dual temperature, 27 
16°C, and 2 constant temperatures, 21° and 27°C. In 
the 27-16°C series the plants were grown 12 days at 
27°C and then transferred to 16°C until termination 
of the test. The constant-temperature series were con- 
ducted at 2] 


iLimergence counts were taken in all series at the end 


and 27°C, respectively, until completion 


Identification confirmed through the kindness of J. 1 
Middleton. University of California. 
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of 12 days. Per cent emergence was calculated by 
using the uninoculated controls as 100. At the end of 
21 days the plants in each test were examined and 
rated for disease. Disease rating was by means of an 
index calculated by multiplying the number of plants 
with slightly discolored roots by 20. moderately in- 
jured plants by 40, severely injured plants by 60, and 
dead plants by 100, and dividing the sum by the total 
number of plants emerged in the uninoculated checks. 
Thus any fungus killing all seedlings would have 
a disease index of 100. 

Uninoculated control crocks were set up with each 
series. In those tests where the fungus was separated 
from the medium on which it had grown, distilled 
water was added to the controls before planting: in 
tests where fungus and medium were both used as 
inoculum, plain sterile liquid medium was added to 


Taste 1.—Pathogenicity at 3 temperatures (C) of 22 fun- 
gus isolates recovered from diseased cotton seedlings 
Disease index 


Fungus and Per cent emergence 


isolate no, zae”6hU ZL” h—lCO”tC“Ciéiéi OT 2]  £ hat 
Uninoculated 

control 100 100 100 0 0 0 
{/ternaria sp. 

303 O 98 96 98 9 7 0 
Aspergillus flavus 

411 O 93 90 88 19 38 61 
4. niger 

121 O 93 98 97 13 4 6 
( ladosporium sp. 

501 N 90 94 97 15 12 10 
Colletotrichum gossypii 

611 O 94 89 96 96 58 77 

612 Mn 90 85 94 69 82 38 
Curvularia sp. 

701 F 99 98 94 5 0 7 
Fusarium oxysporum 

2018 F 97 96 99 12 1) 6 
F. moniliforme 

212 Mn 100 99 92 8 24 21 
F. oxysporum f, vasinfectum 

221 Mn 98 9] 96 8 17 5 
Helminthosporium sp 

801 M 96 97 98 17 t 2 
Penicillium sp. 

901 O 98 97 95 8 ] } 
Pythium ultimum 

1501 O 14 0 7) 100 100 92 
Rhizoc tonia solani 

L11 A 2 20 38 100 100 99 

118 O 19 l 14 99 100 97 

1118 Pa 81 85 69 30 31 51 
Rhizopus sp. 

1001 O 100 100 98 1 0 3 
Sclerotium bataticola 

1112 H 99 99 100 5 2 ] 
S: rolisti 

1121 F 9] 83 ~=-:100 13 24 l 
Thielaviopsis basicola 

1313 O 97 100 99 53 80 ) 
T ric hoderma sp. 

1201 O 100 93 96 3 7 6 
Verticillium albo-atrum 

1411 Pk 96 100 98 1] ] 3 


Fungus mycelium not separated from medium before 
inoculating sterile sand. 

Fungus mycelium separated from medium before inocu- 
lating sterile sand. 
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greenhouse—left, in sterile sand; right, in sand infested with A. flavus 
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eedlings left, plants grown in sterile sand; right, plants grown in sand in 
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TABLE 9 Frequency) of occurrence in Arkansas of fungi 


~~ oO in 055-52" 
pathoge nic to cotton seedlings in 1955-58 


Per cent occurrence 


Fungi 1955 1956 1957 1958 
Rhizoctonia solani 18 18 4 39 
Pythium ulumum 2 l 2 
Colletotrichum gossypu | 6 l " 
Thie laviopsis basicola 2 0 0 5 = 
Aspergillus flavus 05 
i H 62 ac 


Fusarium spp. 


Ficures based on the more pathogenic fungi only. Sev 
eral of the re fungi, such as A/ter- 


naria spp. and Penicillium spp., were as prevalent as the 


atively nonpathogeni 





fungl liste d above. 


the controls. 

Each series of the pathogenicity tests contained 3 
replicates and was repeated at least once to reduce 
errors in disease rating. 

At the completion of each series, routine isolations 
were made to determine if the original inoculum could 
be recovered from its respective diseased host. 
RESULTS. 


EXPERIMENTAI Frequency of occurrence 


seedling percentages of 
fungi recovered during 1955-58 in Arkan- 
During 1955 and 1956 R. 
solani was the isolated 
During 1957 and 1958 the trend shifted somewhat and 
Fusarium spp. were more frequently recovered from 
diseased seedlings. P. ultimum, C. 
viopsis basicola ( Berk. & Br.) Ferr., and 


oft cotton pathogens. The 
pathogenic 
sas are shown in Table 2. 
pathogen 


most frequently 


gossypl, Thiela 
{. flavus were 
seldom isolated from diseased cotton seedlings. 
{scochyta gossypii Sydow was recovered occasionally 
from seedlings. but was not included in the patho- 


genicity studies, because it was isolated more fre- 
quently from mature plants. 

Relative pathogenicity of fungus isolates —Twenty- 
two fungus isolates were tested individually for patho 
genicity on the seed and seedlings of cotton. The re- 
sults, summarized in Table 1. indicate that certain of 
the fungi are highly pathogenic and also that differ- 
ent isolates of the same species may vary widely in 
their pathogenicity to cotton seedlings. The most 
virulent fungi tested were R. solani, P. ultimum, C. 


These fungi killed a high 


percentage of seedlings. either by completely girdling 


gossypu, and T. basicola. 


the hypocotyl at the soil line or by preemergence 
damping-off. No consistent differences in lesion color 
rosymptoms among the various pathogens were eVl- 
dent under the conditions of these experiments except 
produced by i 


darker than those produced by other pathogenic fungi 
S 


that lesions basicola were usually 
rolfsii and Fusarium spp. were moderately patho- 
reduced root systems. and 
hypocotyl lesions that usually did not girdle the plants 

These studies established for the first time that A. 


lavus is moderately to 


genic, causing stunting. 


t 


highly damaging to cotton 


seedlings (Fig. 1). Symptoms were extreme stunting. 


most complete loss ot secondary roots, and the pre- 
vention of tap-root elongation (Fig. 2). Few if any 


lesions were found such as are produc ed by other 


nat 


} logenk fungi. Three isolates were tested. and all 
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Paste 3.—Pathogenicity at 2 temperatures of 3 Aspergillus 


flavus isolates 


Per cent 
Fungus and emergence Disease index ” 
isolate numbet 21° 27°¢ yt OR fs 
L ninoculated check 100 100 0 0 
{spergillus flavus 
111 O° 90 88 38 61 
112 Mn" 98 89 42 54 
153 89 98 52 67 


Emergence counts taken after 12 days. 
Disease indexes taken at the end of 21 days, 
Isolate taken from a diseased cotton seedling and found 
to produce fluores¢ ence in cotton fiber. 
‘Isolate taken from a diseased cotton seedling. 
; Isolate recovered from fluorescent cotton fiber by P. B. 
Marsh et al. 


7 able } 


flavus was invariably recovered when 


were about equally virulent. summarizes 
these results. A. 
sections of the diseased plants were surface-sterilized 
and incubated on agar. 

Verticillium albo-atrum Reinke & Berth., S. batati- 
cola, {/ternaria 


sp.. a Cladosporium sp.. a Curvularia sp., a Helmintho- 


{spergillus niger Van Tieghem, an 


sporium sp., a Rhizopus sp., a Penicillium sp., and a 


T ric hoderma sp. were eithe nonpathogenic or only 


slightly pathogenic under the conditions of these ex- 
periments, 


Influence of temperature on disease incidence. \ 


comparison of the growth rates of the pathogenic 


fungi and their ability to produce disease as affected 
by temperature is given in Table 4. The more virulent 
fungi appear to be able to produce disease over a 
wider temperature range than the moderately patho- 


genic fungi. At 21°C. cotton seedlings can be dam- 


Tasie 4._-Effects of temperature on growth in culture of 


various fungi and on their pathogenicity to cotton 
seedlings 


Temperature (°C) 


Fungus and Fungal growth Disease severity 


isolatenumber Minimum Optimum Minimum Optimum 


Rhizoctonia solani 


111 A 16 28 27 (27-16) 

118 O 12 24-28 (27-16) 21 

1118 Pa 12 24-28 (27-16) 27 
Pythium ultimum 

1501 O 12 28 27 2) 
Colletotrichum gossypii 

611 O 12 28 21 (27-16) 

612 Mn l¢ 28 27 21 
lhielaviopsis basi« ola 

1313 O 12 24-28 27 21 
{spergillus flavus 

111 O 16 32 (27-16) 27 
Fusarium oxy sporum 

2018 F 16 8 27 21 
Fi ¢ rysporum f, vasinfectum 

221 Mn 12 28 27 21 
F. moniliforme 

212 Mn 12 28 (27-16) 21 
Sclerotium rolfsi 

1121 F 16 32 27 21 


Dual temperatur 


series 
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iged I | Cl rganisms in the 
oil i ndicate that the ma 
jority luce ore severe disease 
sympte ¢ erature 

Inf : il thogens on emer 
gence of kmergence percentages are 
summarized Almost | fungi tested ap 
parently 1 i emerge e to some extent. In cases 
where | ¢ é wert ly slightly pathogens 
this emerge ( yn was often the only evidence 
of disease rie ome of the most virulent fungi 
e.g.. ¢ | /. basicola, reduced emergence 
very little eventually killed most of the emerged 
seedlings. On the other hand. R. solani and P. ulti 
mum killed ! e seedlings before emergence 
Table » shows direct correlation between rate of 
mycelial tl e pathogen ind reduction in 
per cent of et f ergence with the fastest 
growing | the greatest virulence in the 
preemerget! f stage 

DISCUSSION lata in ible | present clear 
cut evidetr t to-vear change in the prevalence 
pattern ol ogenic to cotton seedlings in 
Arkansas Vi el na W eindli: o 14 LS reported ( 
£LOSSVDP the t plentiful cotton-seedling para 
site in Arka 1939-40. The present study shows 
that R. solar replaced C. gossyptu as the most im 
portant offends the state, and that the Fusarium 
spp. have tained or increased their importance. 
P. ultimur 1 7 sicola appear to be relatively un 


important were found only occasionally 


S rolfsi owed derate pathogenicity to cotton 


seedlin irely recovered from diseased 


seedlings t considered important Although 
it is difficult to evaluate all the factors responsibl 
for the above-cited change, the present general use of 
fungicides for se reatment has undoubtedly helped 
eliminate ¢ is a disease factor in planting 
seed As a habitant R solani is influenced 
much less by seed eatment than is C. gossypu. which 
is a seed-bort tho pe 

Many of lated from diseased seedlings 
showed rather ithogenicity to cotton seedlings 
Some of those t luced no disease in the tests 
might be pat! f nder other environmental con 
ditions or wit I duced viability The role of 
these ipparently onpathogenic fungi in the seedling 
disease complex con pletely inderstood., Ad 
ditional studi fungal combinations and with 
cotton seed \ ried degrees of vigor are in 
progress t i that these studies will help deter 
mine the infiue disease of those microorganisms 
usually foun: liseased seedling tissue but which 
have little apparent ct effect on seed and seedlings 
of high vig 

These tests established 4. flavus as a new 
pathogen of t seedlings Marsh et al (13) re 
ported that 4 produced fluorescence in cotton 
fiber and ‘ f fiber strength. One of the 
isolates cart i t resent studies was a subcul 
ture oft the t Marsh found to produce a con 
sistently | | { fluorescence | irtificial inocu 





Aare 5) Rate of growth of pathogens related {0 emer 


) 
gence of cotton see dlings 


Pathogen* Seedling” Pathogen* Seedling’ 

Fungus and growth emergence’ growth — emergeng 

isolate at 20° at 21° at 28°¢ at 27°C 
number (mm) (“o) (mm) (%) 


Pythium ultimum 

1I50l O re) () >4 9 
Rhizorc fonia solar 

111 A 19 20 29 38 
118 O 18 | 25 14 
1] | 7 
/] 


18 Pa ; 85 17 69 
Colletotrichum Z£OSSVptl 
611 O 6 89 13 96 
612 Mn 6 85 13 94 
Fusarium OoxXVsporum 
2018 | 7 96 12 99 


F. oxysporum ft. vasintfectur 

211 Mn 5 9] 12 96 
Fk. moniliforme 

212 Mn 6 99 1] 92 
{spergillus flavus 

111 O ) 90 1] 88 
Thielaviopsis basico a 

1313 O ) LOO 5 99 


Growth in culture in 48 hours. 
Emergence counts were taken at the end of 12 days. 


lation tests on cotton fiber. One isolate from cotte 
seedlings was employed in artificial inoculation tests 
in this study and produced the same type of fluores. 
cence in cotton fiber as that described by Marsh. The 
virulence of all A. flavus isolates did not vary greatly 
in the seedling disease tests. Koehler and Woodworth 
(10) established that A. flavus can cause a virescence 
in corn seedlings. The present authors were unable t 
find any reference to pathogenicity of A. flavus to cot 
ton seedlings. Whether 4. flavus is very important it 
(rkansas as a seedling pathogen is questionable. | 
is. however, much more prevalent in the southwester 
states, where it has been found associated with dam 
iged cotton fiber. 

Results of this study emphasize the importance o! 
temperature in cotton seedling disease. The data ind 
cate that the optimum temperature for disease is often 
below the optimum for growth of either host or patho- 
ven. Arndt (3) reported that the optimum tempera 
ture for cotton seedling growth is in the vicinity of 
30°C. Camp and Walker (7) found the optimum ten 
perature to be nearer 33°C. Optimum growth tem 
peratures for the pathogenic fungi used in the present 
studies ranged from 24 to 32°C. with the majority 
growing best at 28°C. In general, disease incidence 
was greater at 21°C than at higher temperatures 
which, although more advantageous to both host and 
pathogen, apparently gave greater relative advantage 
to the host than to the pathogen. Leach (11), in 
studies with preemergence damping-off, showed that 
lisease incidence at different temperatures was deter 
mined to a large extent by the relative growth rates 
of host and pathogen. Cotton, a high-temperature crop, 
is subjected to an increasingly greater relative dis 
idvantage in comparison with the pathogen when tem- 
peratures are progressively lowered. 

In these tests the more pathogenic fungi were able 
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to produce a high ink idence ol disease over a wider 
temperature range than the moderately pathogenic 
species. Some of the most virulent types, such as R. 
solani and P. ultimum, were preemergence killers in 
pure culture in the greenhouse, although in the field 
these same fungi are usually unable to kill many seed- 
lings before they emerge, doing their greatest damage 
as postemergence killers. It is possible that future 
studies with pathogenic fungi in combination with non- 
virulent types will show that the competition and an- 
tagonism of other microorganisms in the soil are 
among the important factors in reducing the virulence 
of these pathogens in nature. 

The rate of emergence of cotton seedlings was de- 


pressed to some extent by all fungi included in the 


present experiments. Nonvirulent fungus isolates 
seemed to affect cottonseed germination adversely. 


This may account for the fact that cottonseed often 
does not emerge as well in the field as in laboratory 
vermination tests. In connection with this same phe- 
nomenon. two of the most virulent fungi, C. gossypii 
ind T. basicola, did not reduce seedling emergence 
ippreciably more than the least virulent fungus, yet 
eventually killed most of the seedlings after emer- 
gence. Rate of growth of mycelium appears to be a 
major factor. but there is some evidence that the 
mechanism of pathogenicity for the preemergence 
killing fungi differs somewhat from that of the post- 
emergence killers. Some fungi apparently can attack 
the seed radicle much more readily than others. 
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PrHE DETACHED-LEAF TECHNIQUE FOR TESTING ALFALFA p 
CLONES FOR RESISTANCE TO BLACK STEM! a 
C. H. Ward 
SUMMARY I 
n 
bal Detached-le esting was ftound to be a reliable potato-dextrose broth are all satisfactory tor pro- \ 
ze method for evaluating resistance in alfalfa to the ducing large quantities of the black stem pathogen a 
black stem disease caused by Phoma herbarum var. for inoculations. No differences in morphology, | 
medicaginis lisease records did not differ greatly growth habit, or pathogenicity could be distin. 
when the same clones were inoculated in the field guished among 4 New York isolates of the patho. : 
or in the greenhouse or when leaves detached from gen or between a Pennsylvania isolate and _ the : 
the clones wer oculated in the laboratory. Typi New York isolates. Pathogenicity decreased rapid- . 
cal black stem leaf symptoms developed on detached ly when fragmented cultures were kept at 3°C, but I 
ilfalfa leaves within 4—5 days of inoculation. An intact cultures retained their orginal level of viru- g 
insterilized 2.4 rose solution was found most lence for at least a month when stored at this v 
'; satisfactory culturing alfalfa leaves. Leaves temperature. Plants inoculated in the greenhouse 
stayed gree er on a 5.0 solution than on a with spores alone did not become as_ severely ‘ 
eer 2.0 olut it occasional contamination pre diseased as plants inoculated with a mixture of 
cluded uss the gher concentration. Although mycelium and spores. Field inoculations success. , 
detached | es retained vigor longer in indirect fully induced epiphytotics, and are highly recom. 
7 light tha the dark, satisfactory data were ob- mended in situations where there might be, under 
iy tained fro lated leaves kept in the dark natural conditions, insufficient infection for accurate ; 
Potato-dextrose i! sterilized alfalfa stems. and disease readings. 
} 
ah Black ste lfa (Medicago sativa L.), caused was reviewed in 1946 (29). Its greatest use in plant 
’ ° ° ° . ° 
by Phoma m West. var. medicaginis Fckl. pathology has been in work with obligate parasites 
a», {scochyt perfecta Pk ean be controlled to (10, 11, 23, 29). Since 1946, detached-leaf culture 
some extent cutting and by using varieties has been used for investigations on potato late blight 
‘ composed | ints having some resistance caused by Phytophthora infestans (Mont.) d By. (4 
A (3. 8, 18, 19, 2¢ >. 6, 9, 15, 25, 27): these included studies on infection 
A quick te technique for testing individual Phenomena, testing for resistance, and genetical anal 
‘ plants for resist this disease has not been avail yses of resistance. Detached-leaf culture has als 
ahle Field : tre likelv to be unreliable be- been found useful in research on pathogenic race 
cause of extre1 easonal geographic variations in differentiation (7, 22), on sex behavior of rust fung 
ws disease occurre Greenhouse testing under con- (16), in screening antibiotics (28), and on the 
'* = > . . -_ a ° 
trolled conditior wides accurate results, but pro- Botrytis disease of gladiolus (17). Testing of tomato 
hibitive amount f time and space are involved when and other Lycopersicon species for resistance to early 
’ there are larg: bers of plants. Seedlings that are light and Septoria leaf spot has been facilitated by 
agronomically rable but susceptible, may be ising detached-leaf culture (11). 
‘ Lttled tn tnatts r lost from breeding programs. Tests WITH DETACHED LEAVES.—Inocula.—Three 
A rapid detached-leaf screening method would be of |™ethods of growing inoculum were investigated to 
benefit in devel irieties resistant to black stem. determine if a single proc edure could produce greal 
provided results we comparable to those obtainable numbers of spores and large amounts of mycelium. 
feom greenl 1 feld testir nrograms First, transfers of the pathogen were made to solidi 
1 g progr: 
: ied PD (potato-dextrose agar)? i etri dishes; 
, i iiedied Saal wath’ far toctiaw allele for black DA potato-dex ose a ) in Petri ( 
’ 9 . these then were incubated at 21—22°C, the reported 
stem resistance ¥ described by Mead (12), but its 
; ; ' optimum temperature for growth of Phoma herbarum 
reli ibility in ( par n with greenhouse methods and * el ‘ . 
Be ; var. medicaginis in culture (18). After 21 days, the 
field readir ot been determined. The fact that : 
. ' 7 : , cultures showed good mycelial growth and_ heavy 
typi il black ste ymptoms develop on detached al- sg te . . 
be ae ae . 9 pyenidial production, and marginal growth of the 
falfa leaves inoculated with the causal organism (20) : : cia Rip 
i. sed that ti techniq ice } . n colonies had just reached the edges of the Petri dishes. 
SUELeSLet ! ecnnique mign Ti 0 =e 
; . In the second method. the pathogen was grown on 
screening ali mes for resistance to black stem. ee Bagi KS : ; : : 
’ , ; . }- to 5-in. sterilized alfalfa stems in test tubes contain 
Consequently possibility was investigated. and : a 
. , . . ing about 10 ml of 2% water agar. The pathogen was 
experiments were designed to determine the optimum . ; : , 
( nditi ’ for L @ , transferred to the stems by placing pieces of mvcelium 
0 tions 0 < té < : : 
. Phe literati +] S Aastha deck culties at their middle points or by drawing wire loops filled 
; ¢ é j ¢ ol re ise 0 detaches e: culture d . : . 
with a spore suspension over their entire lengths. \]] 
" Accepted for ] cation Mav 7. 1959. tubes were incubated at 21-22°C. The fungus grew 
Taken from an M.S. thesis. Grateful acknowledgment is 
made to D. A. R ts, under whose direction this work was *PDA consisted of broth from 200 g potatoes. 20 £ 
done. Thanks are e A, F. Ross, G. C. Kent. and C. ¢ dextrose, and 20 ¢ agar diluted with water to make up 100 


Lowe for the 


paring the manuscript. ml. 
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poorly en alfalfa stems infested with pieces of my- 


celium, = t 
10 days on stems infested with a spore suspension. 


but it grew well and sporulated heavily within 


In the third culturing method, the medium was 
liquid PDB ( potato-dextrose broth )* autoclaved 20 
minutes at 15 lb. pressure. A disk cut with a sterilized 
No. 9 cork borer from a fruiting culture of the fungus 
on PDA was placed in each of 9 Erlenmeyer flasks 
Three flasks were kept at 21-22°C in a water-bath 
chaking machine, 3 were kept at 21-22°C in an incu- 
hator, and the remaining 3 were kept in a laboratory 
cabinet (17-24°C). All cultures were in the dark. 
Light has been shown to have little or no effect on 
srowth and sporulation of this organism (21). Dry 
weights of mycelial mats were taken after 21 days. 
The average dry weight of the mats was 805.4 mg for 
those 


shaken. and 637.1 mg for those kept at room tempera- 


in the shaking machine, 648.8 mg for those not 


ire. 
\lthough mycelial growth was best in the shake 
cultures. the cultures grown on PDA in Petri dishes 
were most convenient and satisfactory for the work re- 
ported here. Cultures on PDA in Petri dishes as well 
as mycelial mats in PDB were suspended in sterilized 
distilled water and fragmented in a Waring Blendor. 
On the basis of earlier work (2). fragmented Petri 
dish cultures were expected to be satisfactory inocula. 
Spore suspensions in sterilized distilled water were 
made from cultures growing on alfalfa stems in test 
PDA in Petri 
dishes. Pyenidia were broken up by rubbing the sur- 

needle. The 


spores were taken up in water, and the suspension was 


tubes and from cultures growing on 
faces of the cultures with a transfer 


filtered through several layers of cheesecloth to re- 
move large particles, 

Good infection was obtained on detached leaves with 
In the 


however, inoculations with spore suspen- 


inoculum grown by any of the methods used. 
greenhouse, 
sions resulted in much less infection than inoculations 
with fragmented cultures containing mycelium and 
spores. In order that a uniform inoculation procedure 
could be used in later comparative tests in the labora- 
tory and in the greenhouse, inoculum consisting of 
fragmented mycelium and spores from Petri-dish cul- 
tures was used in all subsequent tests. 

The first inoculum 
prepared by fragmenting a 2l-day-old Petri-dish cul- 


ire in 100 ml of sterilized distilled water. When this 


i 


inoculations were made with 


concentration of inos ulum was used, however, deta hed 
leaves became so diseased that few differences could 
he distinguished among those from clones known to 
liffer in susceptibility. It seemed possible that clones 


highly resistant to inoculation under natural condi- 
tions might be highly susceptible to such potent inocu- 
la and that differene es in resistance could he dete ted 


only with more dilute inocula. To test this, 7 plants 


re selected at random from the variety Ranger, and 
} leaves were picked from each plant to serve as repli- 


cates for each of 4 treatments, consisting of inocula- 


PDB consisted of broth from 200 potatoes and 20 g 
dextrose diluted with water to make up 1000 ml. 
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tion with different dilutions of a standard mycelial 
suspension. The 4 inocula were: a suspension of a 
21-day-old culture fragmented in 100 ml of sterilized 
distilled water, and 2-, 5-, and 10-fold dilutions of 
this suspension. All leaves inoculated with the first 
Leaves from the 
susceptibility 
groups only when the highest dilution was used. With 
this treatment, similar disease severity data were ob- 


2 inocula were severely diseased. 


plants could be placed in distinct 


tained consistent with each susceptibility group and 
counted. This concentration, 
equivalent to 1 culture per 1000 ml of water, was used 


the lesions could be 


in all subsequent experiments. 

{pplicators.—A hand-operated hypodermic syringe 
equipped with a needle adapted to deliver a measured 
quantity of mist (13) was tried, but it clogged easily 
and delivered mist in an unsatisfactory pattern, 

\ DeVilbiss atomizer attached to a source of air 
pressure was used. Fragmented mycelium could readi- 
ly be forced through the atomizer, and the mist pat- 
tern was satisfactory. A hand-operated pressure cut- 
off was placed on the attached air line to allow regula- 
tion of the flow of inoculum for delivery of fairly con- 
sistent quantities. 

Alfalfa shoots were col- 


lected in the greenhouse in the late afternoon (1, 14) 
ind their cut ends immediately placed in test tubes 


Inoculation procedure. 


filled with water. As soon as possible, the shoots were 
taken to the laboratory and washed with distilled 
water. Leaves were then detached, placed about 6 in. 
apart on a slightly tilted glass plate, sprayed with 
inoculum, and transferred with tweezers to sterilized 
Syracuse watch glasses containing 2.0% sucrose solu- 
tion. Because of natural curvature, cut ends of petioles 
were submerged in the solution and leaf blades floated. 
It was found that a count of 2 between the time the 
operator started and stopped the flow of inoculum was 
sufficient to insure thorough wetting of each leaf. To 
test the accuracy of this method of controlling the 
amount of inoculum delivered, the nozzle of the 
atomizer was placed in each of 40 consecutively num- 
bered test tubes, and a 2-count of delivery was given 
to each tube. The quantity delivered to each tube 
varied from 0.78 to 1.06 ml, with a mean of 0.97 ml 
and a standard deviation of 0.04 ml. Since the differ- 
ences in the amounts delivered were small, the tech- 
nique appears satisfactory for the delivery of a 
fairly uniform inoculum to each leaf. 
plants, especially the 


Leaves from some young 


leaves, are difficult to wet during inoculation. One 
drop of Tween 204 per 1000 ml of inoculum was found 
helpful in wetting these leaves, and had no apparent 
fungitoxic effect. 

Effect of 
longevity of inoculated and uninoculated detached 
alfalfa leaves. 
factory for maintaining detached leaves of leguminous 
forage plants (29), was used as the substrate. In 
preliminary tests, a 2.0° solution was chosen on the 


sucrose concentration and of light on 


sucrose, which has been found satis- 


‘A wetting agent manufactured by Chemicals Dept., 


Atlas Powder Co., Wilmington, Delaware. 
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Ls l ted cultures 
lless of whether 


1 or unsterilized 


{ f ised rou 

Pre ent licated that disease 
seve . ilated detached 
leave noculation. Symptoms wert 
clear tl it a few leaves showed evi 
aence reakdaow! vy that time It was 
theretor | to jeter ne whether sucrose 
conee ti effect on the longevity of de 
lached é the severity of intection 

\lt et observed earlier that inocu 
lated ed ime as severely infected in 
the dark t seemed reasonable that light 
might I I ty I I ilated and uninocu 
lated det ed xperiments were designed to 
obta f portal t these factors 
witl I 


WV methods lwo ilfalfa plants 


one res t l ie susceptible a 1dged trom pre- 
liminary test ere elected trom each of the varieties 
Ranger, G DuPuit and Narragansett \ spore 
susper 10% s es/ml) and a suspension of my- 
celiu d spor 1-day-old PDA culture 1000 ml 
wert = ‘ Sucrose solutions of 2.0. 5.0 
ind 10.1 wel ired by dissolving appropriate 
amount be e in sterilized distilled water 

Detache f ollected and inoculated ac 
cording | lescribed reviously Inocu 
lated ( wel sterred with tweezers to the 
different I tions in Syracuse watch glasses 
Those t ek t e light were placed on a labora 
torv ber t light ce detached leaves in 
small sed exposed to direct sunlight are 
like killed by heat (29) The tem 
perature ried iG to Zo. leaves to receive 
the dark treat vere placed in a dark chambet 
mail ' ( 


\ split sj lesign wa ised The 4 main 


pilots W T riet I falfa i res stant and | Slls- 
ceptibl i from ear riety The split 
plo t itment sprayed with 
siot , t pores alon Phe split split 
plots suct ntrations of 0 
2.0. 5.0 

\ Tr] ch d s can be made on leaves 
fom ante the first evidence of vellowing. it 
se diff 4 t e precisely when a leaf has 
deteriorat t xtent that a tisfactory reading of 
dise e mad lo obtain reliable 
data theret ! er ot davs that eac h le if re 
mained recorded 

2 R ber of days that leaves 
of the 4 varietie 1 without apparent breakdown 
was 6.7 DuP f i 98 tor Grimm 
ind 106 for N cansett | . variance was sta- 
tisticallv signif t the 5 evel (F test). Since 
there was no al teraction between varieties 


ind any of the other treatments, data on individug 
Varieties are not given. 

In every instance, leaves kept in the light stayes 
green longer than leaves kept in the dark (Table 1) 
In the absence of light, longevity of detached leaves 


increased as the concentration of sucrose was 


creased to 10°%, the highest concentration tested. lp 
the light. however, longevity was generally not as 


creat on 10.0% sucrose as on 5.0 presumably be 
cause photosynthesis in illuminated leaves offset th 
influence of sugar at the lower concentrations used, 

Uninoculated leaves survived longer than did inocy 
lated ones, and those inoculated with mycelium ané 
spores survived slightly longer than those inoculated 
with spores only. 

Since disease data can be taken most advantageoush 
on detached leaves 4-5 days after inoculation. it ap 
pears from the mean values in Table 1 that any of th 
conditions tested would keep leaves alive in good con 
dition for a long enough period. Consideration of the 
minimum periods of survival, however, would elimi 
nate the use of water. Leaves from some plants su 
vived fewer than 4 days when placed on water, whereas 
all leaves on sugar solution survived at least 4 days 
and in almost all cases survived 5 davs or more. | 
was noticed that contamination was fairly commog 
on 5.0 or 10.0° sucrose, but was rare on 2.0°% soly 


tions. Two per cent sucrose solution therefore ap 


rasLe ].—( hlorophyl breakdown of detached leaves of { 
alfalfa varieties, both uninoculated and inoculated 
with Phoma herbarum var. medicaginis, when floated 
on sucrose solutions of various concentrations in the 


light and in the dark 


No. days" before breakdown 
Resistant Susceptible 


Inocula sucrose Light Dark Light Dark Mean 


None 0 11.8 7.0 12.0 6.3 93 
y 16.3 1.3 11.5 9.0 10.0 

> 5.5 8.8 13.8 8.0 115 

10 14.3 8.8 8.3 7.5 97 

Mean 14.4 1.9 11.4 6.7 10.1 
Mycelium-spores 0 10.5 6.2 8.5 3 7.6 
2 13.0 6.5 98 5.0 8.6 

) 12.0 7.3 12.8 9.8 94 

10 11.3 8.5 10.3 6.0 90 

Mean 11.7 7.1 10.3 55 8.7 
Spores 0 8.5 9.8 8.5 1.8 69 
2 10.8 6.0 7.8 5.0 74 

> 12.3 6.3 10.5 6.0 88 

10 11.5 8.8 12.0 6.8 Of 


Mean 10.8 6.7 97 5.6 8.2 


All treatments 0 10.3 6.3 9.7 5.4 iJ 
(means) 2 13.3 6.6 9.7 9.0 8. 
) 13.2 7.4 12.3 6.6 99 

10 12.3 8.7 10.2 6.8 95 

Mean 12.3 i3 10.5 5.9 90 


*Each figure is the mean of 4 observations. The variance 
due to sucrose concentration and that due to inoculum were 
statistically significant at the 1% level (F test). Variance 
due to reaction type (resistant vs. susceptible) was signif. 
cant at the 5% level. The interactions between any 2 of 
these sources of variance, and those among all 3, were not 
statistically significant. 
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peared to be the most satistactory fo! work with the 
black stem pathogen on alfalfa leaves. 

Pathogeniculy of 2 different isolates of} P. herbarium 
Different isolates of P. herbarum 
Y ork were indis- 


growth 


var. medic agints. 


var. medicagiiis collected in New 


tinguishable as to morphology, habits, and 


pathogen itv: there was no evidence of physiologic 
spec jalization 
An isolate of the fungus from Pennsylvania 


distinguished trom New York isolates on the 


could 
not be 
basis of morphology. No differences in pathogenicity 
of the Pennsylvania isolate and a representative New 
York isolate could be distinguished, as judged from 
infection experiments using matched leaves selected 
from 5 plants of each of the varieties Ranger, Grimm. 
Narragansett, and DuPuits. A New York isolate was 
used in subsequent screening experiments. 

Efiect of prolonged storage at low temperature on 
the pathogenicity of P. herbarum var. medicaginis.—A 
detached-leaf testing technique would be particularly 
useful in a breeding program in connection with 
evaluation of disease reactions of greenhouse-grown 
progenies from controlled crosses before these 
progenies are planted in the field. Most of such test 
ing would be done over a 3- to l-week period, whit h 
would necessitate large quantities of inoculum of uni 
form virulence. If cultures could be grown under con- 
trolled conditions for a certain period and then stored 
in the cold without loss or change in pathogenicity, 
testing of detached leaves would be greatly facilitated 
Peterson and Melchers (18) reported that P. her- 
barum var. medicaginis grows at 9°C and that spores 
remained viable for 6 months when stored at 4.4°¢ 
(40°I In the present work this organism did not 
grow at 3°C, and preliminary tests indicated that cul 
retained full infectivity for 1 week. 


Further experiments were designed to test the effect 


tures stored at 3°C 


of prolonged storage at low temperature on the 
pathogenicity of the fungus. 

l Materials and Cultures started by 
transfers to the center of solidified PDA in Petri dishes 


grow uniformly over the entire surface of the medium 


methods, 


and produce pycnidia abundantly in 21 days at 22°C. 
Cultures of this age were used routinely because most 
spores were viable and because the cultures were so 
uniform in growth that dilutions of 1 Petri-dish culture 
could be used as a measure of inoculum concentration. 

Twenty-four cultures were started on PDA in Petri 
dishes and incubated 19 days at 22°C. Then 12 cul 
tures were placed at 3°C. Each of the other 12 was 
fragmented with and suspended in 100 ml of sterilized 
distilled water in a Waring Blendor that had been 
disinfested by ethanol. After frag- 
mentation, each suspension was poured into a sterilized 
250-ml Erlenmeyer flask, which was then plugged with 
sterilized cotton and kept at 3°C. 

Before stored cultures were 


rinsing in 70% 


used in pathogenicity 
tests. they were removed from storage and kept at 
ec C for 2 days. making a total of 21 days of active 
growth. Cultures used for pathogenicity comparisons 


6 . . ° 
Obtained from J. H. Graham. U. S. Regional Pasture 
Laboratory, University Park, Pennsylvania. 


RESISTANCE TO BLACK STEM 693 


with stored cultures had been grown 21 days at 22°C 
For each test in which 
stored inoculum was to be compared with fresh inocu- 


lum, matched leaves for the inoculation were detached 
trom 4 plants of each of 4 varieties. 


on the day they were used. 


The inoculated leaves were floated on 2.06 sucrose 
solution in Syracuse watch glasses, which were stacked 
randomly and kept in the dark at 22°C. Pathogenicity 
tests were made on the fragmented cultures after 2 
and 4 weeks of storage. Tests were made on cultures 
stored in Petri dishes after 2, 4, 8. and 12 weeks of 
storage. The number of lesions that developed on each 
leaf 4 days after inoculation was recorded. 

2) Results. 


little as 2 weeks were less pathogenic than were fresh 


Fragmented cultures stored for as 
ones; the differences were statistically significant at 
the 5% level. In these and all subsequent tests, there 
were highly significant differences among plants in 
disease reaction; these were expected on the basis of 
previous tests, and substantiate the fact that plants 
within varieties vary in susceptibility to black stem. 

No statistically significant differences in pathogenici- 
ty were obtained between fresh cultures and cultures 
stored in Petri dishes for 2 or 4 weeks. Cultures 
stored for either 8 or 12 weeks, however, were signifi- 
cantly more pathogenic than fresh cultures. This was 
unexpected, but it may be attributed to maturation of 
spores and to additional spore formation during the 
cold treatment. Conidia were observed to be exuding 
more heavily from pyenidia in cultures removed from 
storage at the end of 12 weeks than from pycnidia in 
These results indicate that fragmented 
stored cultures cannot be used as a source of uniform 
inoculum, but that cultures stored in Petri dishes for 
3°C should be a reliable 


Cultures stored in Petri dishes 


fresh cultures. 


no longer than 4 weeks at 
source of inoculum. 
for more than 4 weeks should not be used for com 
parat 

able te 
made at the same time. 


studies at different times, but would be. suit- 
field inoculations, or for comparative studies 


COMPARISON OF BLACK STEM REACTION OF ALFALFA 
CLONES IN FIELD, GREENHOUSE, AND LABORATORY TESTS. 

Because alfalfa is naturally cross-pollinated and be- 
cause plants within varieties are highly heterozygous, 
varieties and plants within varieties react differently 
to the diseases that attack them. 
true with black stem, for resistance is inherited through 
several factors (24). 


This is especially 


Individuals that possess a high 
level of resistance to black stem have been selected 
from susceptible commercial varieties (10). 

For comparative tests with the 3 methods, it was 
thought desirable to use random samples of plants 
drawn from commercially grown varieties rather than 
to use clones known to be resistant. If the gradations 
in disease reaction were the same in all of the 3 
methods of testing, then one could be reasonably sure 
that the 
observed differences in disease reaction are true ones. 

Materials and methods. 
grown alfalfa 


3 testing methods are comparable and that 


Certified seed of 4 com- 
Ranger, DuPuits, 
Grimm, and Narragansett, were planted in clay pots 


mercially varieties, 
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in the | hirty-tf pots of each variety 
were plant llings were thinned to 1 per pot 
after Each plant was vegetatively 
propagated ttings wnen o months old. Cut 
tings were tak ir the centers of the stems and 
rooted ! iers sand After rooting, the 
cuttings were tr nlanted to clay pots and allowed to 
grow In June, 195¢ ome of these cuttings were used 
for the planting of a replicated spaced-plant nursery 
adjacent to the ¢ ilfalfa breeding plots. A ran- 
domized block design with 4 replicates was used. 
Replic itior i 16 plants tro each ot the } 
varieties. The ] thus contained 288 plants. Guard 
rows consist! scellaneous alfalfa plants were 
planted il 1 tf entire plot 
Natural f so slight during the first sum 
mer that liseast could not be 
made P Hd ot survive the winter were 
replaced by e-gTrow ones early the follow 
ing spr dence fection during the 
spring ol } i} eve though cool wet 
weather re ed I ine, the plants were inoculated 
heavily wit I pore suspension Of a repre- 
sentative Ne ) eof P m var. med 
caginis ipplied at lusk with a hand 
operate = k spraver [he guard row was 
not ino te Two other ino tions were made at 
weekly nter Le A eavy « the nights the 
plants we ed 1 excellent infection de 
veloped ( ted iants ininoculated plants 
mn the c | evel re i ed pract illy Tree 
from d se | t 2 weeks after the last inocula 
tion. Dise ere ide 10 days 
ifter the teadings were on the basis 
of a scal ! t leath of plants 
Leaf S| 1 as criveTria 
for rat 
Plant é | e field. obtained 
from « te creenhouse 
Moistu idate onl 
rho 1c ‘ | ] repre 
sentat \ | at any 1 time 
After F nade. the 
plant ‘ 1 allowed to re 
row R © same p! nts 
were | | i 1 ftourtl 
inoculat 
One }) its were 
Tapie 2 , 1 alia 
5 £ } se (who 
Varieties Rat Mean 
Narragat t SO 1.84 
Ranger 957 ¢ - OO 
Grimm ».00— 7.2 6.03 
DuPuits 6.00 6.76 
* Each figure is t n or range f 18 servations. Rati 


and 10 indicating of ives 


pruned to about the same size and shape. Inoculum 
consisting of a mycelium-spore suspension, was ap. 
plied with a DeVilbiss atomizer with forced air. Plans 
were sprayed with inoculum until run-off, and the, 
placed in a chamber maintained at 68°F and aboy 
100°% relative humidity. Three days after inoculation 
the plants were removed from the chamber and placed 
on a greenhouse bench. Disease severity was scored 7 
days after inoculation; the scale was that used in the 
field. 

[wo experiments were carried out in the laboratory 
on different dates. with detached leaves from the 
parent clones of the plants tested in the field and 
greenhouse. Detached leaves were inoculated with q 
mycelium-spore suspension of the pathogen, floated oy 
2.0% sucrose solution in Syracuse watch glasses, and 
placed in indirect light. Procedures followed for col. 
lecting and inoculating detached leaves and for groy. 
ing and preparing inoculum were those described jp 
earlier sections. 

In 1 experiment. the 4 leaves from each plant, used 
is replicates, were of different age groups. The 
youngest leaves (replicate 1) were detached from 
near the tops of the plants, whereas the oldest leaves 
(replicate 4) were taken from the lower portions of 
the plants. Four days after inoculation, data were 
taken on the average number of spots per leaflet. 

In another experiment, the 4 leaves for replicates 
were closely matched for size and age, and disease 
severity readings were made 5 days after inoculation 

Results——Data from the first detached-leaf experi- 
ment indicate that differences in disease reaction were 
highly significant among varieties and also among 
plants within the varieties tested. Young and old 
leaves from the same plant were found equally sus 
ceptible. This is in agreement with the report by 
Peterson and Melchers (18). Four replicates were 
found to be sufficient to sample the inherent variability 
in disease reaction among leaves of a single plant. 

In the first experiment, data were recorded as num 
ber of lesions in an attempt to reduce error in labora- 
tory readings by putting them on an absolute basis 
These ratings were converted to ratings on a scale of 
0-10 and compared with greenhouse and field ratings 
Because ratings based only on numbers of lesions were 
not strictly comparable, size and number of lesions 
were used as criteria in rating diseased leaves on 2 


0-10 scale in all other experiments 


varieties inoculated with Phoma herbarum var. medicaginis 


’ y7 
ants), and in the laboratory (detached leaves) 


Disease ratings * 


Greenhouse Laboratory 


Range Mean Range Mean 


 75-6.75 5.38 5.75-7.00 5.43 
1.25-7.60 5.52 4.50-7.50 5.79 
5.00-7.00 6.06 5.25-7.75 6.40 
5.00—7.75 6.62 5.50-7.75 6.56 


rs based on a scale of 0-10, with 0 indicating no infection 
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[TABLE 3 —{ orrelation Co¢e ficients for comparisons of dis 
ease severity ratings of 4 altalia varieties inoculated 
with Phoma herbarum var. medicaginis in the field 
(whole plants), in the greenhouse (whole piants), 
and in the laboratory (detached leaves) 


Comparisons 


Greenhouse- 
laboratory 


Field Field 


greenhouse laboratory 


Varieties 


Narragansett 0.713** 0.624** 0.766* * 
Range 0.556* 0.510* 0.497° 
Grimm 0.410 0.41] 0.534" 
DuPutt 0.581* 0.595% 0.757* 
‘Denotes significance where P 0.05 
**Denotes significance where P 0.01. 


Disease ratings of detached alfalfa leaves did not 
varv greatly from those obtained by field and green- 
house methods (Table 2). Ratings taken on detached 


leaves in the laboratory were usually higher than 
ratings taken in the field and greenhouse, although the 
highest mean readings for Ranger and DuPuits were 
obtained in the field. Differences were evident in the 
disease reactions of the 4 varieties tested, and these 


differences occurred irrespective of the method of 


testing. DuPuits consistently gave the highest disease 
readings. whereas Narrangansett was most resistant 
and gave the lowest readings. Since only a small 


sample was taken of each variety, it is not intended to 
ceneralize on varietal susceptibility to black stem, but 
these data serve as an indication that there are varietal 
differences. The ranges of disease severity ratings 
were greatest when detached leaves were used. This 
indicates that perhaps smaller differences in disease 
reaction can be distinguished by testing detached 
leaves than by testing whole plants. 

Reasonably good correlations were obtained for the 

nparisons of the laboratory, greenhouse, and field 
Failure to ob- 


laboratory-field 


disease-severity readings (Table 3 
tain significant correlations for the 
ind greenhouse-field readings for the variety Grimm 
in be attributed to several aberrant observations in 
the field data. Although all plants tested in the field 
were uniformly inoculated, variation in the amounts of 
inoculum received by different plants or variations in 
the environment within the plot were doubtless greater 
than such variation in the greenhouse or laboratory, 
Although 


these correlation coefficients are not high. most are sta 


and could have caused the aberrant results. 
tistically significant, and they serve to show that de- 
tached-leaf testing can be used as a reliable method 
of evaluating disease reaction of individual plants to 
black stem. This method is certainly as reliable as 
either of the other 2. It is also evident that greenhouse 
and field testing can be used profitably for determining 
black stem disease reactions if proper precautions are 
taken. One important precaution is controlled inocula- 
tion in the field. 

Discussion.—The advantages and disadvantages of 
ising detached-leaf testing for disease reaction and for 
atl 


he en desc ribed { 29 - 


ler experimental work involving pathogens have 


iia 


Economy of time and money in- 
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volved in screening large populations of alfalfa plants 
by using detached-leaf testing is believed to be a 
significant implication of the work reported here. 


Detached-leaf culture offers a quick, accurate meth- 
od of testing alfalfa plants for resistance to black 
stem. It could be used extensively in testing programs 
or could be reserved for specialized small-scale work 
where controlled conditions are necessary. It could 
be used also for checking greenhouse and field results. 
In this work, detached leaves were used for screening 
only 1 forage crop for resistance to 1 disease; with a 
little effort, however, the technique could probably be 
adapted for the screening of many forage legumes for 
resistance to other diseases, 
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